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Executive Summary

While recognizing the importance of protecting listed anadromous salmonids that migrate
through streams on agricultural lands, the Washington State agricultural community is concerned
about the potential mandating of fixed-width riparian buffer zones. Natural resource agencies,
including the Washington Department of Fish and Wildlife and the National Marine Fisheries
Service, have proposed mandatory, fixed-width riparian buffers on agricultural lands throughout
the state. Arbitrary or uniform imposition of fixed-width riparian buffers on agricultural lands
raises serious issues related to private property, economic impacts, and the most effective means
of salmon habitat recovery and protection.

In response to these concerns, the Washington Hop Commission, Ag Caucus, of the Ag Fish
Water Process, retained GEI Consultants, Inc. (GEI), Pacific Northwest Project (PNWP) and
Mason Bruce & Girard (MBG) to review the functions and design dimensions for riparian
buffers, their use and efficacy, their applicability to agricultural lands, and potential alternatives
to fixed-width riparian buffers.

This report has two primary objectives: (1) to determine what scientific and technical data and
analyses have been applied to the issue of agricultural buffers, and whether the data and analyses
are being appropriately matched to buffer zone applications, and (2) to evaluate the economic
costs associated with the proposed land set-asides. The general value of riparian vegetation for
fish, wildlife, and water quality is well established in the literature and is not disputed by our
findings. The goal of this study is not to determine if buffers are good for these purposes. It is to
determine whether it is necessary to broadly prescribe buffers of a specific width on agricultural
lands to protect listed salmon. The report relies primarily on reviews of peer-reviewed scientific
literature and is therefore consistent with use of Best Available Science regulations (Appendix
B).

Large, fixed-width riparian buffers have five primary economic costs: (1) the cost to remove land
from production, (2) the loss of economic benefits from agricultural production on those lands,
(3) costs to monitor, administer, and maintain buffers, (4) loss of tax base, and (5) loss of
economic infrastructure.

The prototypes for current buffer-width recommendations derive primarily from models of
timberland set-asides in the Pacific Northwest forests. Thus the science relied on to formulate
buffer widths is mostly forest-based. There are, however, important shortcomings to applying
methodologies and science associated with timberland to agricultural lands. The landscape,
stream gradients, harvest practices, and impacts all differ.
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The six primary functions and values attributed to riparian buffers in forests are large wood
recruitment, shade, streambank stability, litter-fall, sediment filtration, and floodplain processes.
The Forest Ecosystem Management Assessment Team (FEMAT) process developed models to
determine how much timber to preserve in riparian zones adjacent to harvested areas. Those
models led to buffers up to 300 feet or more, depending on floodplain limits, on each side of a
stream.

The function that requires the widest set-aside is recruitment of large woody debris (LWD),
which improves the quality and quantity of fish habitat in small forest streams. In reviewing
literature provided by resource agencies to the Ag Caucus, it appears that data gathered in the
timber assessment process and especially curves for LWD are the principal basis for wide buffer
recommendations in agricultural areas. Also, the general value of wildlife habitat is emphasized
in this literature.

The scientific literature of agricultural buffer widths on to streams in the Pacific Northwest is
quite limited. In general, agricultural impact analysis suggests riparian functions other than
LWD are far more important on agricultural lands. Vegetation traps sediment, filters pollutants,
retains storm water, and stabilizes streambanks on agricultural lands. An important and related
issue on agricultural lands is protecting streams from direct and indirect impacts of domestic
animals. Peer reviewed studies found applicable in this report suggest that relatively narrow
buffers of 10 meters (33 feet), or less, can be highly effective in protecting ecological functions
against these types of agricultural impacts. Physical stability and filtration absorption is
provided by roots adjacent to the channel and up to the stream’s normal high-water mark. In
addition, separation of livestock from the stream by only a small margin has proven effective in
restoration of water quality and physical habitat. With proper livestock management, fencing
may not be needed.

Thermal protection from shade is another desirable riparian function that is dependent on a
number of site-specific factors. In larger lowland streams, thermal benefits from riparian shade
are reduced. Data and thermodynamic considerations show that small streams can be protected
from overheating on a diurnal cyclic basis; however, a relatively narrow buffer within a few
meters of the stream can be effective in blocking direct sunlight from the water surface.

Cost effective approaches to protecting salmon streams on agricultural lands will benefit both
small agricultural enterprises and the State of Washington. Agricultural production, including
agricultural services and food processing, generates almost $8 billion annually in state income.
The agricultural industry is a leading economic sector in several rural counties, in some cases
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producing more than $100,000,000 annually in farm gate production values. This production, in
turn, produces ongoing economic activity in other sectors.

Index values can be used to estimate economic impacts of fixed-width riparian buffers in a given
county. On a per mile basis, the costs of buffer zones for select counties reviewed in this report
could range from $11,000 to $81,000 for lost crops, $67,000 to $88,000 for lost dairy production,
and $45,000 to $95,000 for reduced land values. The loss of total direct and indirect county
income per 100 acres of riparian set-backs could range between $190,000 and $240,000 per year.

Cost analyses, marginal benefit assessments, and cost effective analyses can be useful means for
assessing marginal benefits and trade-offs within economic sectors. These tools can be used
accurately at the county or regional level to compare the costs of variable width buffers or other
approaches. Additionally, local enterprise economic models are in development that will help
individuals evaluate and understand the economic cost of decisions that affect their land.

One alternative to mandatory, fixed-width riparian buffers that may be preferable to farmers and
ranchers would be a voluntary, incentive based program that may include variable width buffers.
The agricultural community has already adopted many conservation practices based on local
environmental needs and identifiable conditions in an ongoing betterment process that includes
economic considerations. Variable width buffers that consider land use, gradient, and proximity
to points of maximum return flows are preferable and will likely be more effective than fixed-
width buffers. A more in-depth analysis of needs and alternatives is proposed for Phase II of this
work in progress. A possible linkage could come from on-going watershed planning. Phase II of
this research will elaborate on methods to encourage habitat improvement on agricultural lands
and provide regulatory and economic certainty.

In summary, after reviewing numerous peer-reviewed studies related to agriculture, we conclude
that riparian buffers, based on site potential tree heights of up to 300 feet wide, often greatly
exceed what is required to protect water quality and the ecological function of aquatic habitat on
agricultural lands. Fixed-width buffers do not offer targeted solutions to site-specific issues.
Fixed widths are independent of site-specific gradient, overland and channel flow regimes, and
locations of maximum return flow. When buffers zones are wider than a site requires, it can be
difficult to justify the adverse economic impacts that a mandated width would produce. For
alternative purposes, such as enhanced habitat connectivity to benefit terrestrial wildlife, greater
widths may be desirable, but go beyond what is necessary to recover listed fish. Riparian buffer
zones are ecologically beneficial; however, the width and composition of a buffer zone should be
tied to specific management objectives.
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Section 1 - Introduction

1.1 Background and Purpose

The Washington Department of Fish and Wildlife (WDFW) and National Marine Fisheries
Service (NMFS) are recommending mandatory, fixed-width buffers as the primary tool to reduce
adverse agricultural impacts to salmon recovery under the Endangered Species Act. The
regulatory agencies recommend mandatory buffers as a means to improve water quality and
retain or enhance aquatic, terrestrial, and riparian habitat for fish and wildlife (Mankowski and
Landino, 2001; Knutson and Naef, 1997). Some counties have adopted agency
recommendations.

While recognizing the importance of protecting listed anadromous salmonids that migrate
through streams on agricultural lands, the Washington State agricultural community is concerned
that mandatory, fixed-width riparian buffers could have severe economic consequences,
including putting many small enterprises out of business. In response to these concerns, the
Washington Hop Commission, Ag Caucus, of the Ag Fish Water Process, retained GEI
Consultants, Inc. (GEI) and its teaming partners, PNWP and MBG, to review the functions and
design dimensions for riparian buffers, their use and efficacy, their applicability to agricultural
lands, and potential alternatives to fixed-width riparian buffers (including variable width
buffers).

This report has two primary objectives: (1) to determine what scientific and technical data and
analyses have been applied to the issue of agricultural buffers, and whether the data and analyses
are being appropriately matched to buffer zone applications, and (2) to evaluate the economic
costs associated with the proposed land set-asides.

A literature review was undertaken to assess the scientific and technical bases for proposed
agricultural riparian buffers, and whether the proposed buffer applications are consistent with
goals and needs specific to endangered salmonid recovery. The literature review is focused on a
relatively limited set of scientific investigations dealing with a specific set of agricultural
management issues. The review is not intended to be a comprehensive review of riparian science
although the basic ecological functions of riparian areas are addressed.

Specific questions to be answered relative to the science and technical function of agricultural
buffers include:
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1. What is the body of science, scientific analyses, and reviews pertinent to an evaluation
of agricultural buffers?
2. What do the empirical data and analyses suggest about buffer requirements to manage
adverse agricultural impacts to salmon habitat?
3. When adverse agricultural impacts are present, what management practices can reduce
the need for riparian buffers or the required width of riparian buffers?
4. What are the potential economic costs of buffer zone management alternatives?
5. What are appropriate bases for evaluating and comparing economic impacts and trade-
offs?
1.2  Authorization

GEI Consultants, Inc. (GEI) was authorized to complete the scope of work for this report by a
contract, dated June 1, 2002 between Washington Hop Growers Association and GEI. GEI’s
subcontractors in this authorized work include Pacific Northwest Project of Kennewick, WA (Dr.
Darryll Olsen) and Mason, Bruce & Girard Inc. of Portland, OR. (Mr. Michael Bonoft).

1.3

Scope of Work

In completion of this report, GEI and its teaming partners completed the following scope of

work:

1.

3.

1.4

Reviewed and summarized literature and references provided as Best Available Science
by Washington Department of Fish and Wildlife as justification for agricultural buffer
recommendations (Appendix A).

Reviewed relevant scientific and technical literature related to riparian buffer zones. The
review was not intended to be exhaustive, but focused on minimum buffer width that
could significantly reduce known impacts to water quality and salmonid species on
agricultural lands.

Summarized findings and conclusions in this report.

Project Personnel

The following personnel played key roles in the development of this report:

John Pizzimenti, Ph.D. Project Manager, GEI

Ginger Gillin, M.S. Fisheries Biologist, GEI

Duane McClelland, E.I.T. Reviewer, Editor, GEI

Darryll Olsen, Ph.D. Natural Resource Economist, PNWP
Michael Bonoff, M.S. Limnologist / Ecologist, MBG
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Jennifer Ennis M.S., J.D. Biologist / Regulatory Specialist, MBG
Hushmandi Ziari, Ph.D. Minnesota IMPLAN Model Specialist

In addition to the above staff, we received comments, literature and or general assistance from
several outside persons and anonymous reviewers of various drafts from Oregon State
University, lowa State University, National Resource Conservation Service, National Marine
Fisheries Service, Skagit County Washington, Ag Caucus, the Washington Agricultural Caucus,
and the Washington Department of Agriculture. However, this document is the independent
product of GEI and our subcontractors.
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Section 2 - Overview

2.1 Rationale for Fixed-Width Riparian Buffers

The proposed width of agricultural riparian buffer zones and the activities that are allowed within
these zones are based on a complex set of timber harvest regulations in the Washington Forest
and Fish Report (Appendix A.10). Buffer widths in timber zones in excess of 300 feet on both
sides of a stream were established primarily to ensure continued recruitment of large woody
debris (LWD) to enhance salmonid pool habitat (FEMAT, op.cit). Forest removal impairs the
recruitment of LWD until a new forest matures. Temporary loss of mature forests can adversely
impact aquatic habitats for hundreds of years. Riparian buffers provide other ecological benefits,
including nutrients, shade, bank stability, and terrestrial habitat (FEMAT, op.cit.). Each of these
benefits can be provided within the buffer width established for LWD.

2.2 State’s Best Available Science for Riparian Buffers

The State of Washington and NMFS (Mankowski and Landino, 2001) provided a compendium
of literature citations to the Ag Fish Water’s Agricultural Caucus. The compendium is
considered by WDFW and NMEFS to represent the Best Available Science (BAS) in support of
proposed fixed-width, agricultural riparian buffers. This document is a bound collection of
hundreds of references from 15 different source documents. Two of the documents pertain
directly to agricultural data and the remaining 13 documents pertain to forests or other subjects
or focal points (Appendix A).

2.3 Limited Applicability of State’s Science for Riparian Buffers

In our opinion, the compendium of literature citations provided by the State does not meet
traditional BAS criteria and does not provide an adequate basis for establishing appropriate sized
buffers on agricultural lands. The compendium describes itself as follows: “Please recognize the
proposed approach represents a synthesis of a consolidation of a large amount of scientific
information and best professional judgment by natural resource scientists” (Mankowski and
Landino, op cit.). BAS has key components: peer review, scientific methodology, logical
conclusions, reasonable inferences, statistical analysis, applicable context, and references
(Alverson, 2000, in Natural Resources Consultants, 2000). By itself, a compendium of literature
citations is not subject to peer review and does not reflect a scientific method. The document
does not synthesize, make conclusions, or make inferences. The context for the collection of
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references is primarily forested lands. The compendium does not synthesize or draw conclusions
based on the literature compiled for agricultural lands.

To better understand how this body of literature was used to arrive at the recommended
agricultural buffer widths, we have read and summarized each of the 15 primary sources
(Appendix A). Of the 15 bibliographies, six focus on general riparian science, five focus on
forestry science, two involve permitting, and two involve agriculture. We estimate that less than
1 percent of the literature cited deals with agricultural data, and none of it is synthesized to
develop buffer width recommendations for agriculture.

In addition to our review of the above compendium (Mankowski and Landino, op. cit.), we have
obtained peer reviewed literature (consistent with BAS criteria) pertinent to the issue of buffer
width and effectiveness on agricultural lands. In general, studies have shown that the fixed-
width approach is easier to enforce and administer, but often fails to provide for many ecological
functions (Castelle et al., 1994). We summarize this information in Section 3. Our search was
not exhaustive and if we missed important work, we hope that others familiar with the literature
will bring it to our attention, as this is a Work In Progress.

2.4 Different Buffer Widths for Forest and Agriculture

It is important to recognize that riparian buffer widths suitable for mitigating the effects of
timber harvest are not directly applicable quantitatively, or in many cases qualitatively, to
agrarian activities in physically and biologically dissimilar environments. Arbitrary or uniform
imposition of fixed-width riparian buffers on agricultural lands raises serious issues related to
private property, economic impacts, and the most effective means of salmon habitat recovery and
protection.

In developing this report, we examined the scientific literature on riparian buffers and found that:
(1) the use of buffer prescriptions for timber exaggerates the conditions that apply to agriculture
for a variety of ecological needs, impact assessment, or salmon protection, (2) uniform
prescriptions for wide buffers on every stream are generally based on the mistaken assumption
that all or even most agricultural streams are currently unsuitable for salmonids, and that, if
impaired, are primarily caused by agricultural activities, and (3) that impairment of agricultural
streams is primarily from loss of large woody debris, an assumption not verified by data on
agricultural lands. Recruitment of LWD requires the widest buffers according to forest science
(cf- Knutson and Naef, 1997).

We have examined numerous peer-reviewed studies on stream buffers and found that buffer
widths developed to mitigate impacts of timber harvest may be hundreds of feet wider than
required for agriculture when the purpose is to reduce nutrients, chemicals, sediment, and
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erosion, or to provide shade (see Section 3). The literature we reviewed demonstrates that
buffers of 5 to 30 meters function adequately for water filtration, sediment reduction, animal
exclusion, shade, nutrient removal and bank stabilization for conditions reported on agricultural
lands.

Recommendations for buffers wider than 100 feet on each side of streams are primarily
consistent with accommodation for LWD recruitment and for terrestrial wildlife, not for
restoration of salmon streams on agricultural lands (c¢f. Appendix C in Knutson and Naef, 1997).
Although wildlife corridors may be worthy conservation objectives, it is not the legal or
management objective of agriculture. The literature also shows that LWD is primarily a product
and function of large trees from coniferous forests, rather than valley bottoms. LWD from
upland forests eventually reaches valley bottoms via hydraulic transport and may contribute as
much as 50 percent of the woody debris there (op.cit.). For approximately 20 years, fishery
management practices removed large woody debris from forested streams—a legacy that is best
corrected by regeneration of upland forests and anthropogenic habitat improvement measures
during the regeneration process.

2.5 Alternatives to Mandatory, Fixed-Width Riparian Buffers

The general value of riparian vegetation for fish, wildlife, and water quality is well established in
the literature and is not disputed by our findings. The goal of this study is not to determine if
buffers are good for these purposes. It is to determine whether it is necessary to broadly
prescribe buffers of a specific width on agricultural lands to restore habitat for listed fish. The
proposals to develop buffer widths to fully establish riparian habitat preserves or wilderness
corridors (Knutsen and Naef, 1997) probably go beyond the needs of salmon habitat restoration.
A scientific basis for salmon habitat restoration will match form to function: that is, buffers will
be one tool to restore identified habitat deficiencies along specific stream reaches when preferred
alternatives are ineffective. In some cases, riparian buffers will be the preferred alternative, but
the width of each riparian buffer should be established to meet site-specific criteria based on
BAS that is specific to agricultural lands.

The scientific literature and historical experience indicate that agricultural impacts can be
effectively managed using a variety of tools known as Best Management Practices. Through
assistance of the National Resource Conservation Service (NRCS), the vast majority of
agricultural lands have BMPs in place that can either prevent or reduce major impacts, and
BMPs can provide immediate benefits through direct intervention. For example, if bank erosion
is occurring, a direct solution BMP will stabilize the bank. This may be through a variety of
approaches including buffers, but may also include other techniques. As another example, if
nutrient overloading is a concern, the first action should be to eliminate direct irrigation runoff or
animal waste input to the stream. If that is only partially effective, then secondary actions,
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including use of buffers or exclusion devices, may be needed. BMPs can include riparian
buffers, vegetation strips, and other land set-asides based on site-specific requirements. The
width, importance, and form of a riparian buffer can be established on a case-by-case basis
where site-specific data demonstrate that it is the appropriate BMP. These types of actions
typically occur through voluntary collaboration of farmers with NRCS scientists and gain cost
shared support via federal, state, and local programs.

2.6 Report Contents

Under the Endangered Species Act and Washington’s Growth Management Act, county and city
planning must give “special consideration” to conservation or protection measures to preserve or
enhance anadromous fisheries for listed species and to preserve or enhance “critical areas” based
on the Best Available Science. BAS guidelines include:

¢ Entities should consult with qualified scientific experts.
¢ Entities may use information that resources agencies have determined represent BAS.
e Other peer-reviewed literature is an important source of BAS.

Reports and documents referenced in Section 3 have met the criteria for BAS as presented above.
We expect the findings of this report and references herein will be useful to those local
governments that are establishing the need for riparian buffers to protect salmonids and critical
areas.

Our review of the literature confirms that riparian habitat is valuable to fish and wildlife. The
report explores the appropriate role and width of riparian buffers on agricultural lands. Our
findings suggest that: (1) performance and effectiveness of buffers on agricultural land is highly
variable and both site-specific and function-specific, (2) the few studies that evaluate buffer
widths experimentally have shown improved ecological function with buffers between 5 and 30
meters wide, and (3) a quantitative approach to buffer width is inadvisable without site-specific
data (e.g., O’Connell et al., 1993; In, Knutsen and Naef, 1997; Metro, 2002).

In Section 3, we review the science associated with riparian buffers, with an emphasis on buffers
as a management tool for controlling non-point source impacts to agricultural streams. We
review applicability of the six ecological functions of riparian buffers as developed by the Forest
Ecosystem Management Assessment Team (FEMAT; Appendix A.3). Section 4 discusses
economics of buffers, in terms of both land value and revenue impacts. Section 5 lists the peer-
reviewed references and other sources of information we used in this review. The appendices
provide our review of the literature and regulatory requirements provided by State and Federal
agencies to the Ag Caucus.
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Section 3 — Science of Riparian Buffers
on Agricultural Lands

3.1 Background

In response to a request by the Ag Caucus, the NMFS and WDFW provided an extensive
bibliography of research papers related to riparian ecosystem functions (Mankowski and
Landino, 2001). NMFS and WDFW indicated that this body of literature provides the basis for
ongoing initiatives to protect riparian functions—initiatives that are the focus of Habitat
Conservation Plans, the Forest and Fish Report, Tri-County Conservation Planning, and
Endangered Species Act Section 7 Consultations. The 15 primary documents contained in the
bibliographic compendium (Appendix A) range from studies that are directly applicable to
riparian buffers in agricultural areas (USDA:National Resource Conservation Service, 1997), to
those that are relevant but clearly focused on forest management and defining properly
functioning conditions within riparian areas (FEMAT, 1993; NMFS, 1996). Together, these
studies represent a comprehensive body of information on the ecology and major functions of
riparian forests: provision of large wood, shade as it affects stream temperature and
microclimate, streambank stability, litter-fall, sediment filtration, and floodplain processes
(Naiman et al., 1992; Spence, et al., 1996; FEMAT, 1993; Chamberlin et al., 1991; Sullivan et
al., 1987; CH2M HILL, 1999).

While the general function of riparian zones and needs of aquatic and terrestrial biota that
depend on them are well established, there is considerable debate about the widths of riparian
buffers needed to restore and/or ensure properly functioning conditions (PFCs) in salmon bearing
streams. Given the regulatory climate that frames much of this discussion, the use of PFC as
defined by NMFS is an appropriate gage of the health of agricultural streams. As described in
the Citizen’s Guide to the 4(d) Rules (NMFS, 2000), the NMFS defines PFC as the sustained
presence of natural habitat-forming processes (e.g., hydraulic runoff, bedload transport, channel
migration, riparian vegetation succession) that are necessary for the long-term survival and
recovery of the species (NMFS, 1999). Thus, PFCs constitute a species' habitat-based biological
requirements—the essential physical features that support spawning, incubation, rearing,
feeding, sheltering, migration, and other behaviors. Such features include adequate instream
flow, appropriate water temperature, loose gravel for spawning, unimpeded fish passage, deep
pools, and abundant large tree trunks and root wads.

Issues associated with buffer widths have recently come before the Western Washington Growth
Management Hearings Board (WWGMHB) for several Washington counties, including Island
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and Skagit Counties, where riparian buffers and the Best Available Science underlying their
adoption have been challenged. Literature reviewed in this section focuses on the efficacy and
need for buffers to achieve ecological function on agricultural lands. Specifically, we address
transport of unwanted materials into the stream, transport of needed materials into the stream,
shade and temperature, physical habitat, and its protection and enhancement. The section
concludes with remarks on the values of fixed versus variable buffers and research needs for
better data and experimental design on agricultural lands.

3.2 Origins of Recommendations: Forest-Based FEMAT Curves

The majority of the literature now relied on for determining buffer widths in Washington State
can be traced to models developed by the Forest Ecosystem Management Assessment Team
(FEMAT, 1993) in connection with development of the Northwest Forest Plan (Appendix A.3).
Geographically, FEMAT criteria were developed to determine required widths of riparian
reserves for streams on federal lands within the range of the northern spotted owl. These models,
Riparian Process Effectiveness Curves, are a series of functions that relate buffer width to a
specific ecological function considered critical to aquatic and riparian habitat preservation on
lands being harvested for timber. The functions are plotted as a two-dimensional relationship of
distance from the stream and effectiveness with respect to the various functions provided by the
riparian zone. The curves were developed from a number of studies showing decreasing effects
of riparian vegetation on streams with increasing distance from the streambank (VanSickle and
Gregory, 1990; McDade et al., 1990; Beschta et al., 1987). As noted above, these functions
include large woody debris recruitment, shade, streambank stability, litter-fall, sediment
filtration, and floodplain processes.

Riparian reserve widths recommended in the FEMAT Report are based on multiples of a site-
potential tree height (SPTH), defined as “the average maximum height of the tallest dominant
trees (200 years or older) for a given site class.” The distance is measured from the edge of the
area within which a stream naturally migrates (the channel migration zone) or a prescribed slope
distance, whichever is greater. A report prepared for the NMFS (Spence ef al., 1996), known as
the ManTech Report, makes similar recommendations for the design of Habitat Conservation
Plans on non-federal lands in the same areas. Reserve widths may be adjusted based on
watershed analysis to meet Aquatic Conservation Strategy objectives (FEMAT, 1993). Since the
FEMAT curves were developed as a product of the Northwest Forest Plan, and were a key
element of the Timber Fish and Wildlife Process that led to the Forest and Fish Report, they are
naturally oriented to managed forested lands. Under Option 1 (maximum protection), the
FEMAT prescribed widths on both sides of streams for all watersheds are:

e Fish-bearing streams - the larger of two site potential trees or 300 feet.
e Perennial non-fish-bearing streams - the larger of one site-potential tree or 150 feet.
e Intermittent streams - the larger of one site-potential tree or 100 feet.
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For western and eastern Washington, the State’s Forests and Fish Rules governing private and
State lands require a riparian buffer on either side of a stream that may contain fish habitat. The
required buffer extends to one SPTH from bankfull width or the edge of the channel migration
zone (CMZ). The SPTH varies from 90 feet to 200 feet (27 m to 61 m) depending on the site
class (V-I) location and whether fish are present. The riparian buffer is divided into three
zones—the core zone, the inner zone, and the outer zone—which are further defined for east and
west sides of the Cascades.

1.

The west side core zone extends 50 feet (15 m) from bankfull width or the edge of the
CMZ. No harvesting is allowed in this zone. The east side core zone is 30 feet (10 m).

The west side inner zone extends from the outer edge of the core zone to 67 percent of
the SPTH for streams less than 10 feet (3 m) wide or 75 percent of the SPTH for streams
greater than 10 feet (3 m) wide. Limited harvest is allowed in this zone only if the
remaining number of trees, basal area, and proportion of conifer are sufficient to meet
Desired Future Conditions (DFC) when the stand is 140 years old (WAC 222-30-021).
The east side inner core zone would be 75 to 100 feet (25 m to 30 m), depending on
stream width.

The outer zone for both the east and west side extends from the outer edge of the inner
zone out to the SPTH. Harvest is allowed in this zone as long as 20 conifers per acre (49
per ha) over 12 inches (30 cm) in diameter are retained as leave trees. If the inner zone is
harvested under Option 2, a basal area credit may be available that decreases the outer
zone leave tree requirements to as low as 10 per acre (25 per ha).

The FEMAT report has been thoroughly independently reviewed. For forests, it is not clear that
these multiple SPTH recommendations do not overstate the widths needed to meet proper
functioning conditions where tree harvest is the impact (CH2M HILL, 1999). However, it is
clear that retention of large wood and shade have been the dominant factors in determining
buffer widths and management zones specified in the FEMAT report, as well as in the
Washington Forest and Fish Report.

Agricultural impacts differ significantly from those due to timber harvest, and can be broadly
classified as follows (from Knutson and Naef, 1997):

Soil erosion and sedimentation
Pesticides and fertilizers
Animal wastes
Irrigation/water withdrawal
Grazing
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A basic conclusion of this review is that, if the management focus is tied directly to agricultural
impacts, the required width of riparian buffers will be substantially less than those recommended
in forested ecosystems.

3.3 Performance of Buffers in Agricultural Areas
3.3.1 Introduction

Castelle et al. (1994), Wenger (1999), Platts (1991), and Castelle and Johnson (2000), review the
scientific literature on ecological functions of riparian buffers, and discuss widths of buffers
needed for various ecological functions. In general, these reviews, which collectively summarize
hundreds of different studies of buffer effectiveness, found that relationships are non-linear such
that the marginal benefit of increasing buffer width is greatest at low-width values and becomes
progressively smaller at higher width.

Castelle and Johnson (2000) considered buffer effectiveness relative to six functions: three
“sink” functions (streambank stabilization, sediment reduction, and chemical removal) followed
by three “source” functions (Large Organic Debris (LOD) production, Particulate Organic Matter
(POM) Production, and Shade Production for stream water temperature maintenance). Studies
reviewed by Castelle and Johnson (2000) indicate that for five of the six functions considered,
the effectiveness of riparian buffers increases with buffer width; however, most of the potential
contributions of riparian vegetation to these functions are realized within the first 5 to 25 m (16
to 82 feet) from the streambank. Buffer widths of 5 to 25 m typically provide at least 50 percent
of the potential effectiveness, and often 75 percent effectiveness or greater. Disproportionately
wider buffers are needed to achieve greater effectiveness (i.e., the marginal benefit of making
buffers wider declines rapidly as buffer widths increase beyond 5 to 25 m (16 to 82 feet)
(Castelle and Johnson, 2000).

Based on a large body of literature reviewed by Castelle and Johnson (2000), the authors
developed curves of effectiveness versus buffer width, similar to those developed for the
FEMAT report. A summary of the literature for each ecological function of buffers follows.

3.3.2 Streambank Stabilization and Sediment Reduction

Castelle and Johnson (2000) summarized factors affecting streambank stability as a balance of
forces, including soil properties such as moisture content and texture, erosive forces such as
overland flow, and external factors such as compaction by vehicular traffic, wildlife, and
livestock trampling. High moisture content enhances sediment transport rates by accelerating
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detachment of particles, thus increasing transport of adsorbed nutrients, bacteria, or other
contaminants downslope (Henderson, 1986).

Interception of sediment and debris by vegetated buffers reduces velocity of overland flow,
increasing infiltration of soil particles through leaf litter, and retention via metabolism by
microbes and plant uptake (Lee ef al., 1999). These factors counter the transport of sediment-
bound contaminants in surface flow. Roots maintain soil structure, physically restraining
otherwise erodible soil, and helping to maintain sheet flow by resisting formation of channels
(Castelle and Johnson, 2000). Zimmerman, Goodlett, and Comer (1967) observed that the
width-to-depth ratio of a stream was three times greater in forested reaches (ratio of 6.1) than in
meadow reaches (ratio of 2.0), and attributed this difference to the extensive root systems of
herbaceous plants in meadows that have a stabilizing influence on the stream channel.

Roots of woody plants may also play an important role in streambank stabilization, particularly
deep-rooted trees and shrubs. Deep roots can penetrate the soil profile and become anchored in
more stable strata, such as weathered or fractured bedrock. It has also been suggested that
streambank undercutting is possible because streambank collapse is prevented or at least delayed
by roots (Richards, 1977). Note that other vegetative factors, such as the presence of large
woody debris, may have the effect of armoring streambanks and increasing streambank stability.

Research conducted by Tufekcioglu et al. (2001) indicates that vegetative buffers had
significantly higher soil respiration rates than did adjacent crop fields, suggesting higher levels of
biological activity within the buffers. This factor has implications not only for streambank
stabilization but also for the presence of added organic matter, providing better conditions for
nutrient sequestration within the riparian buffers (Tufekcioglu et al., 1999).

Waldron and Dakessian’s (1982) examination of the influence of plant roots on soil stability
included seven grass species, two legumes, and two trees. These investigators measured direct
shear resistance in packed soil columns. Generally, their findings support the observations of
Zimmerman, Goodlett, and Comer (1967) and others, in that herbaceous roots were found to
provide significant soil stabilization. However, they noted that the roots of all species examined
increased soil strength to varying degrees. Specifically, many of the grass species planted in
early autumn produced nearly a three-fold increase in soil shear resistance by late spring, less
than eight months after planting. Tree roots (Pinus ponderosa and Quercus agrifolia) were also
found to provide soil shear resistance of this magnitude, but only after tree saplings were 3 to
nearly 5 years old.

Kleinfelder et al. (1992) examined streambank collapse due to compressive forces, such as those
imparted by livestock trampling. They also noted that the important relationship between root-
length density and compressive strength of non-cohesive soils was non-linear, with substantial
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increases in strength occurring from moderately dense root systems—about 2 mm/mm°. Beyond
that point, increased root-length density increased soil strength by progressively smaller
amounts, reaching an apparent asymptote at approximately 50 kPa. They also found that the
roots of different plants provided varying amounts of compressive soil strength. In their study,
Carex nebrascensis imparted the greatest compressive soil strength. In un-incised headwater
streams in eastern Oregon, Toledo (2001) found significantly greater root biomass and structural
integrity at the immediate margins of the streambank than in incised channels.

Balsky et al. (1999), Ehrhart and Hansen (1997), and Platts (1991) summarize much of the
technical literature describing the impacts of livestock on riparian ecosystems. A review of
technical sources that assess the impacts of grazing on riparian habitat and salmonid populations
uncovered a range of observations surrounding the magnitude of impacts. What is apparent is
that grazing impacts are highly dependent on site conditions and the types of grazing
management practices that are employed.

Concern for grazing impacts has led researchers and managers to identify grazing strategies that
can be compatible with healthy riparian ecosystems (Ehrhart and Hansen, 1997; Mosley et al.,
1999). Several published reviews discuss strategies for riparian grazing that have been found to
be effective in maintaining riparian health. Some strategies include the use of riparian buffers
and more intensified land and grazing management.

In his review of livestock grazing strategies, Platts (1991) rated corridor fencing as a nine on a
scale of one to ten with one being poorly compatible with fishery needs and ten being highly
compatible. Corridor fencing results in good to excellent streambank stability, excellent brushy
species composition, good to excellent seasonal plant new growth, and excellent stream riparian
rehabilitation. However, there is little literature that scientifically assesses the width of the
fenced corridor needed to provide for healthy riparian habitat in rangeland (Mosley et al., 1999).

Relative to fecal coliform impacts on water quality, minimal buffer zones may be adequate. In
the literature review done by Mosley et al. (1999), they cite Doyle et al. (1975) and Oskendahl
(1997) for their recommendation that a buffer strip of 12.5 feet on each side of a stream may be
adequate to protect water quality from coliform bacteria and effectively filter nutrients. Jefferson
County Conservation District (2001) actually demonstrated these improvements in western
Washington.

A number of measures other than corridor fencing have been evaluated that can improve riparian
conditions on rangelands. Ehrhart and Hansen (1997) investigated cattle grazing practices that
were compatible with healthy riparian ecosystems in Montana. They did this by inventorying a
number of pastures that had healthy riparian areas and then interviewing the landowner or
manager to determine how cattle were managed in that pasture. They found that what operators
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did to encourage livestock not to loiter in the riparian zone, while in a pasture, was more
important than either season of use or length of time in the pasture per se. With proper
management under specific conditions, many pastures containing a variety of riparian types may
be grazed in various seasons and for various periods of time without adversely impacting the
health of the riparian area (Ehrhart and Hansen, 1997).

One quantifiable factor noted by Ehrhart and Hansen (1997) was that many of the healthy
riparian pastures also contained alternate water sources off the stream. The second theme noted
by Ehrhart and Hansen (1997) was a high degree of operator involvement. All the operators
were actively involved in managing their land and had a keen interest in the condition and trend
of their riparian areas. Managers willing to modify management practices and conduct
monitoring, whether formal or informal, was a component to the successful maintenance of
riparian areas with livestock.

The conclusions of Ehrhart and Hansen (1997) were that riparian grazing might be incorporated
into each of the traditional grazing systems, as long as the condition of the riparian zone itself
remains of primary concern. They concluded that management, not the grazing system, is the
key.

Mosley et al (1999) conducted a literature review of the management of cattle grazing in riparian
areas. Like Ehrhart and Hansen (1997), they also concluded that there is not one particular
grazing system that can be applied in all situations. They recommend that grazing plans be site-
specific and based upon the best research available. They have provided several suggestions for
a riparian grazing plan:

e Determine the tolerance of a riparian site to grazing and then limit the grazing periods to
avoid exceeding the critical period length.

e To increase vegetative density, increase rotational scheduling of cattle grazing.

e To graze a site more than once per growing season, moisture and temperature conditions
should be conductive to vegetative re-growth. Grazing more often and for shorter periods
is preferable to fewer and longer grazing periods.

e Adjusting timing, frequency, and intensity of grazing in individual pasture units is more
important than adopting a formalized grazing system.

e Prevent cattle from congregating near surface waters. Fencing, supplemental feeding,
alternative water sources, and herding work best.

e Locate the edges of features where cattle congregate—such as salt grounds, water
developments, and winter-feeding grounds—away from surface waters and buffer strips.

e Maintain at least 50 percent protective ground cover along streambanks. Vegetation
buffer strips should usually not be necessary to protect banks and reduce impacts from
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cattle urine and feces unless cattle congregate near surface waters to the point that
protective ground cover is less than 50 percent.

Mosley et al. (1999) concluded that the impact of cattle grazing on riparian ecosystems depends
entirely on how the grazing is managed. The important variables are timing, frequency, and
intensity of grazing. Each situation is unique and requires its own creative, locally tailored
solution. The best way to know whether a particular management strategy is suitable for a
particular site at a specific point in time is to implement the strategy, and then monitor its
effectiveness and adjust the practice as needed.

When buffer width is graphed against sediment removal from multiple peer-reviewed studies, it
is apparent that little additional benefit is gained beyond 15 m (49 feet), and maximum benefits
at much less than 15 meters (Figure 3.1). Effective sediment removal in an agricultural setting
was illustrated by a study in which various treatments (buffer widths) were matched by controls
(Ghaffarzadeh, Robinson, and Cruse, 1992). Using grass filter strips ranging from 0 to 18.3 m (0
to 60 feet) on 7 and 12 percent slopes, these authors found no difference in sediment removal on
either slope beyond 9.1 meters (less than 30 feet), where 85 percent of the sediment was
removed. Further, there was no difference in sediment removal between the two slope angles
beyond 3.1 m (10.2 feet). The sedge Carex nebrascensis imparted the greatest compressive soil
strength of various species used in this study. In un-incised headwater streams in eastern
Oregon, Toledo (2001) found significantly greater root biomass and structural integrity at the
immediate margins of the streambank than in incised channels.

According to a review by Desbonnet et al. (1994), the most efficient width of vegetated buffers
for sediment removal is 25 m (82 feet). For total suspended solids (TSS), buffer widths need to
increase by a factor of 3.0 for a 10 percent increase in removal efficiency, and greatest efficiency
is provided by 60-m (197-foot) buffers. Note that this review was conducted for riparian buffers
in the coastal zone and may not be directly applicable to inland areas of the Pacific Northwest.

Wenger (1999) points out that the Desbonnet (op.cit.) review was based on a composite of data
from studies conducted with various methods at different locations. Studies that compare
multiple buffer widths in the same location and the same study conditions are more illuminating.
Figure 3-2 (from Wenger, 1999) graphically depicts the results of several studies of this type.
Although percent removal of TSS increases with buffer width in all these studies, most of the
results indicate that buffers between 10 and 20 m (33 and 66 feet) remove between 80 percent
and 90 percent of the TSS.

Wenger (1999) noted that most of the studies described above were short term. There is
evidence from long-term analysis that wider buffers are necessary to maintain sediment control.
Long-term studies by Lowrance et al. (1988) and Cooper et al. (1987) indicate that, although
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riparian zones are efficient sediment traps, the width required for long-term retention may be
substantially more than is indicated by short-term experiments. Buffers of 30 m to 100 m (98 to
328 feet) or more might be necessary for long-term protection (Wenger, 1999). Overall, Wenger
(1999) concluded that a 30-m (98-foot) buffer is sufficiently wide to trap sediments under most
circumstances, and a 9-m (30-foot) wide buffer would be the absolute minimum width.

Curves fit to studies included in Figure 3-2 illustrate that buffer widths of 7 m to 60 m (23 to 197
feet) all produce a similar effect of arresting about 80 percent of sediment, and that little
additional benefit is gained beyond approximately 7 m (23 feet). Another observation is that of
the various types of landscapes, the agricultural studies showed that narrow buffers of 7 m and
15 m (23 to 49 feet) were as effective as buffers up to 8 times wider on other types of habitats.
The inclusion of the agricultural studies completely changes the shape of buffer-width benefit
curves in agricultural settings and conclusions about the effectiveness of narrow buffers. Again,
where agricultural data are available, considerably different conclusions are reached than if only
forest data are used.

3.3.3 Water Quality Protection

Protection/maintenance of water quality is arguably the most important function for buffers in
agricultural areas. Riparian buffers, (or vegetated filter strips (VFS)), protect stream water
quality by physical entrapment of chemicals bound to sediment particles and uptake by plants
(nutrients, pesticides, herbicides, other cations and anions).

Wenger (1999) cites several studies that document removal of a large proportion of pollutants in
the first few meters of a riparian buffer (Dillaha, 1988; Dillaha 1989; Castelle and Johnson,
2000) (Figure 3.3). These data include an obvious outlier, without which it could be concluded
that no further increases in removal occurs beyond approximately 15 m (49 feet). The steepness
of the effectiveness/width curve can be attributed to uptake of dissolved nutrients, coupled with
rapid removal of sediment-bound pollutants within the first few meters, such that 10 meters (30
feet) of buffering is adequate to remove up to 90 percent of chemical runoff. Lowrance (op. cit.)
noted that field studies of nitrate removal show that much of the nitrate is removed in the first
few yards of a 90- to 100-foot buffer. These studies suggest that buffers much narrower than 10
meters may be quite functional. Some additional peer reviewed literature further elucidate buffer
width and chemical removal (from Wenger 1999):

e Lowrance et al., 1997, in Isenhart examined changes in pesticide concentrations crossing
a 50-m (164-ft) wide buffer in the Georgia coastal plain. Atrazine and Alachlor were
reduced from 34 ug/L and 9.1 ug/L, to less than 1 ug/L.
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e Hatfield ef al. (1995) found that grassed filter strips of 12.2 m and 24.4 m (40.0 and 80.1
feet) removed 10 to 40 percent of the atrazine, cyanazine, and metolachlor passing across
them.

e Arora et al. (1996) found that a 20-m (66-ft) wide riparian buffers of 3 percent slope
retained 80 — 100 percent of the herbicides (atrazine, metolachlor, and cyanazine) that
entered during storm events. The variation was related to the amount of runoft.

e Neary et al. (1993) concluded that, generally, buffers of 15 m (49 feet) or larger are
effective in minimizing pesticide residue concentration of stream flow.

In a review of BAS associated with riparian buffers to protect in-stream water quality and fish
habitat, Castelle (2000) provided the Island County Board of Commissioners with a summary of
literature focusing on buffer widths needed for proper functioning conditions in agricultural
riparian buffers. The Island County Board of Commissioners had specifically requested a review
of BAS supporting an 8-m (25-ft) riparian buffer. Pertinent findings of this review include:

e Ahola (1990) recommend 2- to 10-m (7 to 33 feet) buffers for stream habitat protection.

e Dillaha ef al. (1989) found that 4.6-m (15-ft) vegetated filter strips removed 70 percent of
suspended solids, 61 percent of phosphorus, and 54 percent of nitrogen.

e Doyle et al. (1975) reported 95 percent nitrogen removal and 99 percent phosphorus
removal in 3.8-m (12-ft) buffers, and recommended 7.6-m (25-ft) forested buffers to
protect water quality from animal wastes.

e Doyle et al. (1977) found substantial removal of nitrogen, phosphorus, potassium, and
fecal bacteria in 3.8-m (12-ft) forested buffers and in 4-m (13-ft) grassy buffers.

e Ghaffarzadeh ef al. (1992) reported no further improvement in vegetated filter strip
efficiency in removing sediments beyond 9.1 m (30 feet).

e Hubbard and Lowrance (1992) stated that nitrate had "very little impact" on riparian
systems after passing through a 7-m (23-ft) forested buffer.

e Madison et al. (1992) reported 90 percent removal of nitrogen and phosphorus by a 4.6-m
(15-ft) grassy buffer.

e Neibling and Alberts (1979) found 82 percent sediment removal in 2.4-m (8-ft) buffers,
and 90 percent sediment removal in 4.6-m (15-ft) buffers.

e Reneau and Pettry (1976) demonstrated 94 percent removal of phosphorus in shallow
groundwater after a distance of 3 m (10 feet).

e Xuetal (1992) found similarly high nutrient removal rates, nearly 100 percent removal
of nitrate-nitrogen in a 10-m (33-ft) mixed herbaceous/forested buffer.

e Fisher (1999) and Fisher ef al. (1999) point out that recommended widths for ecological
concerns in buffer strips typically are much wider than those recommended for water
quality concerns.
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In addition to the above, Mendez and Mostaghimi (1999) found that 8.5-m (28-ft) riparian
buffers reduced sediment, nitrate, dissolved ammonium, and total Kjeldahl nitrogen yields
significantly with mean reductions of 90, 77, 85, and 82 percent, respectively. These authors
also reviewed the effectiveness of 4.3-m (14-ft) filters and found no significant differences in
pollutant trapping efficiencies of the 8.5- and 4.3-m (27.9- and 14.1-ft) buffer widths.

Addy et al. (1999) concluded that riparian zones composed of a mix of forested and mowed
vegetation may remove substantial amounts of groundwater nitrate nitrogen. The authors qualify
this conclusion with a note that uncertainty exists regarding the site characteristics that promote
substantial groundwater nitrate nitrogen removal in riparian zones and the influence of different
types of riparian vegetation cover on groundwater nitrate nitrogen removal.

Corley et al. (1999) found that a 10-m (30-ft) wide riparian buffer zone was an efficient filter of
inorganic nitrogen and inorganic phosphorus in a montane riparian community as about 84
percent nitrate nitrogen and 79 percent phosphate phosphorus were removed from the applied
treatment. No consistent differences were found among specific vegetation height treatments or
communities in the removal of N and P nutrients.

For concentrated runoff, e.g., feedlot effluent, buffer widths may need to be considerably wider
than for general protection from non-point runoff. Dickey and Vanderholm (1981) reported that
flow lengths of 305 m (1,001 feet) were required to achieve reductions of 60 percent of nitrate
and chemical oxygen demand (COD), and only 16 percent for phosphorus. Runoff from a
feedlot of 450 cattle was sent through a fescue- and alfalfa-lined, serpentine channel with a 2
percent slope. A similar test using overland, rather than channelized flow filters, required much
shorter distances [90 m (295 feet)] to achieve 70 percent reduction in nitrate and total solids.

Chimacum Creek watershed in western Washington (Jefferson County Conservation District,
2001) improved fecal coliform counts and other water quality parameters via implementation of
improved livestock management on pastures, and on riparian area fencing. The fencing,
constructed since 1988 along 8 miles of stream, mostly protects the bankfull width of the stream
creating a set-back zone of about 8 to 20 feet (personal communication, Al Lathum, JCCD,
2002). The reported fecal coliform bacteria counts dropped from over 400 FC/100 mL (GMV)
to under 100 FC/100 mL. Fecal coliform concentrations in the Chimacum Creek watershed were
lower in 2000 than at any other time since monitoring began in 1988 (Jefferson County
Conservation District, 2001).

Subsurface removal of nutrients in groundwater within the riparian zone may be an important
mechanism in addition to buffer widths. Removal rates in groundwater are dependent on soil
properties and water table height, and increase with decreasing distance to the stream (Simmons
et al., 1992). Groffman et al. (1996) concluded that although measured groundwater
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denitrification rates were lower than surface rates, they may be high enough to create a
significant sink for nitrate due to much lower flow rates, and could remove large percentages of
incoming nitrogen loading.

While studies of nutrient reduction by riparian buffers are common in the literature, effects on
herbicide transport have received relatively little study. Lowrance et al. (1997) reported that
rates of herbicide reduction were greater in a grass strip immediately adjacent to the application
zone than in an intermediate area of planted pines or in a zone of hardwoods closest to the stream
channel (all three zones totaled 38 meters) [125 feet]) in width. Concentration reduction was
greatest per meter of flow length in the grass buffer adjacent to the application zone.

3.3.4 Shade Protection

Riparian vegetation can directly affect stream temperature by blocking or reflecting solar
radiation and reducing stream heating (IMST, 2000), thus helping to maintain ambient
(incoming) water temperatures. The biological and physical values of shade to aquatic systems
in forested ecosystems are well established (Beschta et al., 1987; Patton, 1973; Brown and
Krygier, 1970; Brown, 1969; Brett, 1973). The value to terrestrial (air) temperatures is less
clear. Dong et al. (1998) found that forest buffers provided minimal protection for stream air
temperatures during mid-summer and that buffer width was not a significant variable in
predicting stream air temperatures.

Thermal models of natural streams demonstrate that the best predictor of instream temperatures
at any given point on a stream is the input temperature immediately upstream of the location in
question (see Knutson and Naef, 1997, for a discussion and references). Thus, the role of buffers
with respect to shade provision on agricultural lands is to reduce warming of inflow temperatures
originating at the transition zone of the forested/mountainous areas and lowland valleys. The
distinction between reduced heating of streams and actual cooling is important given that shade
can, at best, maintain inflow temperatures by reducing incident radiation falling onto the stream
surface, thus reducing natural warming. Heat transfer in streams is governed a number of
factors, but largely by radiation and evaporation (cf. Oregon Department of Environmental
Quality, 2000a, 2000b, 2001; and Washington Department of Ecology, 2002). In general, more
extensive riparian vegetation ameliorates solar heating and maintains ambient water
temperatures, although the influence of riparian shade on water temperature declines as streams
widen in downstream reaches (IMST 2002).

Cascade mountain streams are generally between 40 and 50°F because groundwater and surface
waters are thermally shielded from solar radiation by trees, snow and/or rocky soils. When
forested systems are removed, surface water and snowmelt are released in greater volumes over a
shorter time. This leads to higher peak flows, and greater ratio of surface to groundwater, thus
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increasing stream temperatures. Many thermal problems in agricultural basins can be partially
traced to hydrological changes in upland basins due to logging (cf. Knutson and Naef, 1997).

Castelle and Johnson (2000) reviewed a study by Steinblums ef al. (1984) in which the
effectiveness of 40 streamside buffer strips were assessed in the Cascade Mountains of western
Oregon. These authors define buffer strip effectiveness in terms of angular canopy density
(ACD). ACD effectively integrates spatial factors such as stream width, tree height, and canopy
density for a given site. The relationship of ACD to buffer strip width was curvilinear, yielding
ACD values of 17 and 73 percent, respectively, for buffer widths of 6 and 31 m (20 and 102
feet). They also concluded that 90 percent of the maximum ACD could be obtained with a 17-m
(56-ft) buffer strip.

A summary of findings of several studies (in Castelle, 2000) indicate that the asymptote of
effectiveness of buffers with respect to shade provision is approximately 10 m (33 feet), beyond
which little additional benefit is gained (Figure 3.4). Osborne and Kovacic (1993 In Wenger,
1999) report similar findings, and conclude that buffer widths of 10 to 30 m (33 to 99 feet) can
effectively maintain stream temperatures. The Oregon Forest Industries Council (OFIC)
commissioned a review study of the scientific evidence supporting the FEMAT riparian shade
effectiveness curve. The resulting 1999 report found that neither the scientific source nor the
technical basis of the FEMAT shade curves could be independently verified. In addition, the
data and curves from the FEMAT-referenced studies did not fit the published FEMAT shade
relationship. The same study also found empirical data that indicated that the FEMAT curve
underestimates the shade contribution from riparian vegetation. The relative ability of shade to
reduce stream warming depends on many factors, such as quality of shade, angle of sun, degree
of cloud cover, leaf angle, aspect and orientation of watershed, time of year, stream volume,
volume of subsurface flows, width and depth of water column, and height and density of
vegetation (IMST, 2002).

In summary, thermal modeling has shown that stream temperature in a given location is
primarily influenced by its boundary condition, or input temperature. Next, its future
temperature is a function of the net energy that is exchanged at the surface; thus, the surface-to-
volume ratio (width-to-depth ratio) is important. Aspect of the stream, stream width, surface-to-
volume ratio of the stream, and the height of the natural vegetation are all factors that determine
the thermal benefits of shade to a particular reach. However, review of the literature indicates
that buffer effectiveness for shade protection is near 80 percent at approximately 10 m (33 feet),
and that substantially wider buffers are needed to achieve relatively little additional benefit. This
finding is supported by Wenger (1999) who reported that, to maintain stream temperatures,
riparian buffers must be at least 10 meters (30 feet) wide, forested, and continuous along the
stream channel.
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3.3.5 Large Woody Debris

Large woody debris (LWD) is stems, branches, and roots greater than 10 cm in diameter, and are
an important structural component affecting the behavior and morphology of small forested
streams (Lisle, 1986). LWD improves both quality and quantity of fish habitat by varying
stream velocity and depth, providing habitat with lower risk of predation (Harvey et al., 1999;
Lisle, 1986). In smaller channels, LWD can stabilize landslide debris, store sediment, and
prevent gully formation. In larger channels, LWD can trigger accumulation of spawning gravels,
and create backwaters and pools (Reid and Hilton, 1998). Many of the effects of LWD on
channel processes can be locally counteractive, but globally beneficial—for example, flow
around LWD can scour away local gravel, but slow velocities enough to promote gravel
deposition over a wider area (Lisle, 1995).

From 1950 to 1970, large woody debris was considered harmful to salmon and was purposely
removed from streams (Knutson and Naef, 1997). However, research conducted over the last 20
years has shown that LWD is a critical component of aquatic habitat, and to headwater streams
in particular. Sedell and Beschta (1991) summarize six functions of LWD: (1) creating and
maintaining pools, (2) causing local reductions in stream velocities that serve as foraging sites
for fish feeding on drifting food items, (3) forming eddies where food organisms are
concentrated, (4) supplying protection from predators, (5) providing shelter during winter high
flows, and (6) trapping and storing organic inputs from streamside forests, enabling them to be
processed biologically.

The needed buffer width to provide adequate LWD from forests is controversial, given economic
implications and the scientific uncertainty regarding needs of listed fish (Reid and Hilton, 1998).
FEMAT (1993, Appendix A.3) developed models predicting effectiveness of forest buffers in
providing LWD. However, these models assumed random tree fall (i.e., fall direction was
independent of slope), a factor that has led to criticism of the FEMAT models (CH2M HILL,
2000).

In their critique of the FEMAT model curves, CH2M HILL (op. cit.) discusses factors that cause
modeled data to depart from empirical data with source distance relationships. Factors such as
variability in tree height, degree of bank erosion, and propensity of trees to lean down-slope
cause the distance to effectiveness curves to shift toward the streambank, i.e., a narrower buffer
can produce the same effectiveness as a wider (modeled) buffer. However, the LWD curves
shown in the FEMAT report are based on modeled data, and rise slower, resulting in wider
predicted buffers (CH2M HILL op. cit.).

Empirical data reported by McDade (1990, in CH2M HILL, 1999) indicate that 70 percent of
LWD originated within 20 m (66 feet), and 100 percent within 61 m (200 feet). Murphy and
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Koski (1989), in studying input and depletion of woody debris in Alaskan streams, found that for
streams that are 8 to 30 m (27 to 98 feet) in width, 99 percent of identified sources of woody
debris were within 30 m (98 feet) of the streambank. Nearly half of the woody debris came from
trees that stood on the lower bank [less than I m (3 feet) away], and 95 percent was from trees
within 20 m (66 feet) of the stream. They also noted that distances to the source of woody debris
differed between channel types (alluvial or non-alluvial). On alluvial soils, these authors found
that more than half (55 percent) of LWD was delivered by bank erosion (Castelle and Johnson,
2000; CH2M HILL op. cit.). Reid and Hilton (1998) found that 96 percent of potential woody
debris sources occur within a single-tree height in a 50- to 60-m (164- to 197-ft) tall, second
growth redwood forest.

Van Sickle and Gregory (1990) report that the decrease in the amounts of in situ LWD in larger
streams is also due to the relative importance of transport and input of these systems. A model
they produced shows that the number of trees contributed is independent of stream width, i.e.,
identical riparian stands along a small stream and a large river may contribute the same number
of LWD pieces per unit channel length. The decline in the number of pieces of resident LWD in
large streams was due to the greater transport capacity of larger streams, rather than to changing
LWD inputs.

The CH2M HILL study recommends that the LWD curves be re-constructed to reflect LWD
volume, not piece count, and that they be based on actual data as opposed to theoretical
distributions. In addition, stand characteristics and erodibility of the channel (alluvial and non-
alluvial) must be considered. Castelle and Johnson (2000) provide a graphical summary of
distance-effectiveness relationships based on several of the field studies noted above (Figure
3.5). Their summary shows that 80 to 100 percent of the LWD originates within 20 to 30 m (66
to 98 feet) of the stream.

Bisson et al. (1987) showed that (evergreen) coniferous forests produce more durable and long
lasting LWD than deciduous forests. This is probably a function of the size, quality and
abundance of contributing wood. LWD in agricultural areas may owe as much as 50 percent of
its content to upland forests as opposed to locally produced material (¢f. Knutson and Naef,
1997). The functions of LWD in pool formation, velocity refugia, and spawning gravel retention
are arguably more important in high gradient streams where unimpeded velocities may be
unsuitable for salmonid habitat and life history functions.

The role and needs of LWD in lowland streams are less studied and demonstrated. In a recent
research proposal to link salmonid fish abundance with land use and land cover in the
agricultural Willamette Basin, Feist (2002) showed that LWD in this large agricultural watershed
had only a 0.2 (not significant) correlation coefficient with riparian tree abundance along the
banks of the Willamette River. Thus, presence of riparian forests is not a good predictor of
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LWD in the Willamette Basin, nor, by extension, of salmonid abundance. It is likely that
predictive models of LWD effectiveness and corresponding buffer requirements do not apply
well in agricultural settings, although literature on this particular topic is severely lacking.

In summary, peer-reviewed studies on LWD suggest that: (1) LWD originates primarily from
forests where velocities and erosive forces would otherwise limit habitat quality and quantity, (2)
buffer widths to meet this need, even in forests, may be exaggerated in the forest ecosystem
literature, and (3) the ecological function of LWD is likely a dominant factor in establishing wide
buffer requirements in forests but its need in agricultural areas is not well demonstrated in the
literature.

3.3.6 In-Stream Functions

Properly functioning streams have a diverse mixture of primary and secondary producers and
consumers (i.e., attached algae, benthic macroinvertebrates, and fish) that are dependent on the
riparian zone for a variety of biological and abiotic functions. However, few studies have looked
at the adequacy of buffers and buffer widths needed to protect in-stream functions. In a
statistically designed, paired watershed analysis, Whitworth and Martin (1990) assessed
effectiveness of stream buffers in protecting and improving in-stream biological resources. This
study demonstrated improved diversity in both fish and aquatic insect communities in filter-
stripped (buffered) streams in Indiana and North Carolina. Buffer widths at the Indiana sites
were 15 to 66 feet, and in North Carolina from 20 to 30 feet. The research was sponsored by the
USEPA, entitled “Instream Benefits of the Conservation Reserve Program,” and conducted in
eight watersheds, two “treatment” sites with riparian buffers, and two control sites without
buffers in each state. Streams were low gradient (< 1 percent), first or second order, and drained
corn and soybean row-crop agriculture.

Density and species of insects were statistically greater at buffered sites in both states.
Researchers considered the reduction of fine particulate organic material by stream buffers to be
a key reason for healthier benthic communities at treatment sites. Diversity, but not density, of
fish was also greater at all treatment sites; 21 fish species were collected at treatment sites, and
10 at control sites. Treatment sites had greater percentages of pollution-sensitive or intolerant
fish species, in comparison to control sites. Average habitat quality, as measured using a
modified Index of Biotic Integrity (IBI), was approximately 65 percent higher at treatment sites.

The USEPA study was specifically designed to assess the ability of buffers to improve the
ecological integrity of streams draining agricultural lands. The results obtained for biological
metrics, as opposed to those more temporally sensitive (water quality and sediment), clearly
showed biological benefits obtained from buffers that are considerably narrower than those
currently considered necessary for lowland streams in Washington (Knutsen and Naef, 1997).
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3.4 Fixed Versus Variable Width Buffers
3.4.1 Science and Policies of Variable Buffers

In reviewing buffer zones for agricultural lands, USDA resource managers (USDA-NAC, 1997;
USDA-NRCS, 2000) draw attention to two important tasks: (1) determine what site-specific
benefits are needed and (2) determine the minimum acceptable buffer width. In evaluating need,
the buffer zone should be designed to improve a specific function, such as improving stability or
decreasing concentrations of coliform bacteria. The minimum acceptable width is one that
provides acceptable levels of benefit at acceptable costs—the economics of the particular
farmland involved cannot be ignored (a factor also stressed by USDA-NRDC, 2002). In effect,
the recommendation for buffers is that they should be employed to target specific water quality
problems, and their design should be based on marginal effectiveness and farm cost-
effectiveness. To the extent that the objective is to stabilize banks or prevent sediment-attached
contaminants from entering streams or water bodies, buffer zones of 25 to 30 feet can be used
where slopes are less than 15 percent. This would be sufficient for many lowland areas where
production agriculture occurs.

As noted by Castelle and Johnson (2000), riparian buffers may be prescribed using a mandated
fixed-width, or allowing for variable widths based on local parameters. Fixed-width riparian
buffers are more easily implemented and less costly to administer by resource agencies (Metro,
2000). However, this one-size-fits-all approach results in arbitrary buffer distances that may not
always be appropriate to a particular site or management objective. Corner and Bassman (1993)
concluded that although riparian buffer zones can be instrumental in protecting against non-point
source pollution, their effectiveness is directly related to physical properties and the nature of
management on the upland area. They recommend that a buffer zone width be calculated as a
function of physical parameters (e.g., slope, soil permeability, soil erodibility) and intensity of
management practices, rather than as a designated fixed distance. A pertinent statement in the
FEMAT (1993) report is that “[S]tructural components of stream habitat must not be used as
management goals in and of themselves. No target management or threshold level for these
habitat variables can be uniformly applied to all streams.” The team further concludes, “while
this approach [fixed-width buffers] is appealing in its simplicity, it does not follow for natural
variation among streams.”

IMST (1999) stated the following about the Oregon Department of Forestry’s fixed-width
riparian buffer system: “Given the distinctive differences between stream functions based on
size, we conclude it is scientifically sound to vary riparian widths with stream size” (p. 94).
Although both fixed-width buffers and variable-width buffers may be related to stream size,
variable-width buffers can be refined based on other stream attributes: soil type and erosion
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potential, vegetation (organic inputs, shading, large wood, wildlife habitat), landscape
(topography, elevation, slope, stream structure and flow), and land-use characteristics (IMST,
1999). May and Horner (2000) stated simply that “...a one-size fits all buffer is not likely to
work”

If a fixed-width riparian buffer must be used, an alternative approach bases buffer width on the
flood-prone area of a stream or river, which can be described operationally as the area inundated
when a stream floods to twice the bankfull depth (Rosgen 1996). However, this definition
applies to small streams and does not work well in large or lowland rivers with wide floodplains
that may or may not be feasibly protected (IMST, 2002).

No uniform prescription exists for riparian buffers, as evidenced the wide variety of widths and
lengths now in use for various functions (Table 3.1 from Lowrance, et al., 2001). Six types are
currently eligible for federal (CRP) cost sharing however, many others can be funded through
state and local programs. In 2001, NRCS added a new type of in-field conservation buffer,
sometimes called grass hedges. These are narrow strips of coarse grass 3 feet to 6 feet wide.
Coarse stems withstand greater runoff rates without becoming submerged (Dabney, 2002, In
Lowrance et al., 2001) and are thus effective in preventing gullies, and depositing soil in the
field where it can further contribute to soil fertility and crop production. Thus buffers as narrow
as 1 meter can be of value in agricultural landscapes. The list in Table 3.1 shows that most of the
NRCS prescribed buffers on agricultural lands are as small as 6 meters to be effective.

3.4.2 Mandated versus Voluntary Programs

Bear Creek, lowa, is a model agricultural restoration project being studied and managed by
scientists at lowa State University (Isenhart ef al., 1998). The Bear Creek restoration project
recognized early on that floodplains that are heavily used for agriculture and streams are part of a
continuous ecosystem (National Resource Council (1992) in Isenhart et. al., 1998). Restoration
to pre-agricultural conditions is not the goal of the project because of the destruction of the
enormous economic wealth of the agricultural system. Their goal is an ecologically functioning
system that uses voluntary participation [italics added] and incorporates economic
considerations into recommended actions. To quote Isenhart (op.cit.):

“The social acceptance of the riparian management model is assessed through the
use of surveys, focus groups and one-on-one information exchange. A better
understanding of landowner objectives and economic considerations has resulted in
numerous variations of the model system. What initially began as just the buffer strip
component of the system now includes the three other components: streambank
stabilization, constructed wetlands and rotational grazing. This flexibility is designed
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to encourage adoptions of the management practices by satisfying the landowner
goals and concerns as wells a fitting specific biogeophysical conditions of the site.
For example, the buffer strip component of the model can be modified by using
different species combinations and by varying the width of each zone. Although such
variation in design may not be optimal for water quality or wildlife benefits, the
flexibility is important if it means that a landowner is accepting the concept. After the
landowner has had experience with a smaller system, he or she may be willing to
increase the size and effectiveness of the buffer or add additional system
components.” (Isenhart et al., 1998, p.332)

Elaborating further, the lowa State University Team approach (IStART) shows:

“Technology transfer efforts are geared toward quickly getting the results and
information into the hands of landowner and natural resource professionals. This is
accomplished through on-site tours, field days, self-guided walking tours, videos and
extension bulletins. Other methods of information disseminations include
presentations at meetings of natural resource professionals, conservation groups, and
local civic organizations, articles in local newspapers and trade publications and
publications in refereed journals. Local ownership of the restoration effort is
encouraged through the development of voluntary citizen action teams that assist in
buffer strip establishment, water quality monitoring, and constructing of wildlife
nesting boxes. Finally, training workshops are being organized for agricultural and
natural resource professionals to help disseminate the information and validate
results.” (Isenhart et al., 1998, p.332). The Iowa State University experience and
demonstration program stresses voluntary adoption versus regulatory approaches of
buffer strip installation: “Regulation usually sets rigid parameters that do not apply
well to the wide range of conditions encountered.” (Isenhart et al., op cit.).

In summary, fixed-width buffers are relatively easy to enforce, provide for regulatory
predictability, and cost less to administer because those applying the regulations do not need
specialized skills (Johnson and Ryba, 1992). Fixed-width buffers, however, do not account for
site-specific conditions; the riparian corridor may not be adequately protected in some areas and,
in others, the buffer might unnecessarily restrict development (Fisher and Fischenich, 2000,
Todd, 2000, in Metro, 2002). In contrast, variable-width buffers account for site-specific
conditions, provide a greater level of protection to important resources while reducing the impact
on private property when wider buffers are unnecessary (Johnson and Ryba, 1992; May, 2000).
The approach of using voluntary systems (NRCS, Iowa State) includes economic considerations
as well as scientifically justified techniques, and is much more likely to gain acceptance and
implementation than regulatory requirements that put farmers out of business.
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3.5 Proper Experimental Design

Only a few studies have approached the issue of buffer widths experimentally, in terms of
analysis of multiple buffer widths under similar conditions of vegetation, slope, and adjacent
land use. These have been cited herein. Much of the ecological literature observes existing
buffers and describes its function or compares it to the absence of a buffer. For example,
Whitworth and Martin (1990), in assessing ecological benefits of filter strips, utilized sites with
15- to 66-foot-wide established buffers. Buffer widths in this study, as in most, were not varied
as part of the experimental design, and there is no indication of what results would have been
obtained with larger or smaller buffers. Fennessy and Cronk (1997) In Wenger, 1999) note that
“one problem in assessing minimum widths necessary to protect adjacent surface water is that
many studies that make recommendations regarding the minimum width necessary have arrived
at the figure as a byproduct of sampling design rather than deriving it experimentally.” (p. 14)

Three studies reviewed for this report did approach this issue experimentally, and on agricultural
lands (Dillaha et al., 1989; Mendez et al., 1999; Ghaffarzadeh et al., 1992). These experimental
studies with variable and controlled widths provide experimental descriptions of the
effectiveness of buffers by size. Dillaha (op. cit.) established vegetated grass filter strips (VFS)
of 9.1 and 4.6 m and evaluated differences in the rate of sediment and nutrient reduction from
adjacent cropland. Results for sediment reduction are shown on Figure 3.6. For a gradient of 11
percent, this study showed nearly 100 percent effectiveness for 9.1-m-wide buffers for sediment
reduction (measured as total suspended solids), and between 82 and 90 percent for 4.6-m buffers.
As expected, increasing gradient reduced effectiveness; a 9.1-m buffer on a 16 percent slope had
an average effectiveness of 70 percent, versus 53 percent for a 4.6 m buffer. Buffer effectiveness
at a gradient of 5 percent was similar to that at 11 percent: over 90 percent effectiveness was
observed for 9.1 m and approximately 80 percent for 4.6 m.

Mendez (op.cit.) evaluated 4.3-and 8.5-m buffers as treatments for row crops, in comparison to a
zero width control. Like Dillaha (op. cit.), Mendez evaluated buffer effectiveness in reducing
sediment and nutrients from tilled cornfields. In addition, he monitored effectiveness of buffers
in reducing runoff volume. Results for sediment (measured as total suspended solids) indicated
that while the 8.5 and 4.3 m buffers significantly reduced sediment concentrations from the no
buffer condition, there were no significant differences between the 8.5-m and 4.3-m buffer
treatments (i.e., the narrow buffer is as effective as one twice as wide). Similarly, runoff volume
was statistically lower with both narrow and wide buffers compared to no buffer, but there was
no significant difference between the two treatments (8.5 and 4.3 m). Again, a narrow buffer
was as effective as a wide buffer. Finally, Mendez showed the same results for nitrate: 8.5-m
buffers significantly reduced nitrate concentrations relative to the zero meter control, but not
significantly greater than the 4.3-meter buffer.
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Ghaffarzadeh (op. cit.) found that the first 3 m of a vegetated filter strip filtered 70 percent of the
runoff sediment, and approximately 90 percent in 9 meters. This study was conducted at
distances of 0, 3, 6, 9, 12, and 18 meters downslope of bare, plowed surfaces.

The above experiments demonstrate the need for scientifically controlled experiments to reach
valid conclusions about the effective width needed to achieve specific functioning conditions.
They highlight the weakness of simply making comparisons among existing buffers that do not
have experimental controls. Comparing buffers on generally steeper, forested uplands to
generally lower gradient agricultural lands with different vegetation types is not appropriate in
many cases and thus is not consistent with intent of legislation and regulation calling for Best
Available Science.

3.6 Future Research Needs — Inadequacy of Data

The width of a specific buffer on agricultural land is highly site-specific. Lowrance (op.cit.) and
his colleagues write: “Buffer widths have for the most part been set and constrained by federal
cost-share programs with minimal scientific evidence. We need field studies that test various
widths of buffer of different plant community compositions for their efficacy in trapping surface
runoff, reducing non-point source pollutants and subsurface waters and enhancing the aquatic
ecosystem” (p. 41).

In his review of Riparian Vegetation Effectiveness, Castelle (2000) concluded his review of the
literature on buffer width effectiveness:

“Generally, there are two types of research needs. The first entails re-visiting
some of the data generated by past studies that examined only one buffer size, but
did not study the effects of increasing or decreasing the size of the buffer”. (p.
20). Unfortunately, information from such studies may be construed by resource
agencies and land managers as minimum guidelines. For example, if a study
stated that a 30 m buffer adequately protected streams, it might be inferred that
smaller buffers were studied, and that 30 m buffers should be a minimum
standard width. However, if that study were re-visited using buffers of 5, 10, 15,
and 20 m, it might be determined that somewhat smaller buffers may be as or
nearly as effective, particularly for specific riparian functions (e.g., Figure 3.1
Chemical Removal Graph). As an alternative to studying varying buffer widths,
other buffer zone management practices should be investigated. For example,
stand composition could be manipulated to favor tree species which provide
exposed roots (for sediment trapping), high transpiration rates (for nutrient
uptake), and broad canopies (for shade production).” (p. 20)

Castelle further remarks:
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“The second type of needed research should focus on the interactions between
vegetative and non-vegetative factors. Depending on site specifics and the nature
and degree of potential impacts, it might be determined that abiotic factors are
more important than vegetation in determining buffer effectiveness. These
various factors can be isolated and studied in laboratory or other controlled
settings, but in nature all biotic and abiotic factors work together, and isolating
individual parameters provides insight into only artificial environments. In both
types of research, the focus should be on the physical, chemical, and biological
mechanisms, which are responsible for buffer effectiveness. Understanding why a
particular buffer parameter has a certain effect will allow for more effective
buffer management, which in turn will result in higher levels of stream protection
and optimum timber yields.” (p. 20)

Reflecting on the larger scale of the watershed or ecosystem, what defines a conservation buffer

is dependent on the intensity of adjacent land uses. Pastoral systems can serve as a buffer to row
crops and agriculture itself can serve as a buffer to more intensive development of suburban and

urban growth (Lowrance et al., p. 42). Elaborating further, they state:

“The optimal arrangement of conservation buffers intended to meet multiple
objectives is seldom a uniformly wide green strip along a stream. Actually,
buffers placed along large rivers provide habitat, bank stability and flood control

I NTY

function, but may have relatively less impact on water quality” “ Even in
headwaters, optimal arrangement calls for a variety of buffer sizes and types at
different landscape locations. Very dense narrow buffers may be the most cost-
effective way to reduce sediment delivery at critical points in a field or riparian
area. Large blocky buffers may be needed elsewhere to provide optimal wildlife
habitat and groundwater clean up” “The field--, farm-- and watershed-- scale
research needed to define how to make these practices work in concert with one

another has just begun.”
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TABLE 3.1
COMPARISON OF SELECTED PURPOSES AND CRITERIA FROM
THE USDA-NRCS NATIONAL HANDBOOK OF CONSERVATION PRACTICES
FOR THE TEN CORE, BUFFER TYPES AND SOME RELATED PRACTICES
Erosion Control Purposes Other Purposes Criteria (minimum or maximum)
Practice NRCS Reduce Reduce Reduce Reduce Increase Reduce Increase Protect | Field | Along-strip Strip Strip Spacing Field Stem Density
Code Sheet and Concen- Wind Sediment Wildlife Contaminant Carbon Crops Slope Gradient Width Length
Rill trated Flow Erosion Delivery Habitat Transport Storage (SW)
Erosion Erosion
CORE, Buffer Types
Riparian | along
Forest Buffer 391 * * * * * stream >30m
Field Boarder 386 + + + + + field edge >6 m
Filter | 1to * 2
Strip 393 + + + 10% <0.5% >6m <50*SW 1500/m
n-VR curve,
v(varassed 412" + + + alopg concentrated permissible
aterway gradient flow areas .
velocity
) species light
Alley Cropping 311 + + + + + + contour >6m requirements
>5m B 540/m”
%2 RUSLE
Contour Buffer | (grass) . RUSLE (grass
Strip 332 * * * 200 <2% >9m Lg:tihsé%pSeL) csL o)
° (legume) 9 (legume)
. depends on
V?ete'mve 601 . + + <1% >1'm 1.3 t_o 2.Q m stem
arrier vertical int. .
diameter
Shelter Belt 380" + + + + + 12H, +
- across -
Crosswu_1d 589C + + + + + prevailing 5to8m upwind of
Trap Strip wind protected area
ot at least 2
Vv‘fr:zaé’zf#esr 422A + + + * direction 1m <10H, + rows,
0.5 m tall (H)
Related Practices With Buffering Attributes
Constructed
Wetland 656 * *
Channel Channel
Vegetation 822 * * * * banks
Across
Terrace 600 + + + + slope >27m
Water and Across
Sediment 638 + + + fl
Cont. Basin ow areas
Grade Field
Stabilization 410 + + + edge, side
Structure inlet
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Effectiveness of Vegetation for Sediment Removal
(from Castelle and Johnson 1999).
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Section 4 — The Economic Significance
of the Agricultural Industry
and Estimated Economic
Impacts from Buffer Zones

4.1 Introduction

Washington State’s agricultural industry plays a meaningful role in the economy, and is often a
leading economic sector for many counties located away from major urban centers. The
“agricultural industry” is defined here as being composed of three key economic sectors: direct
farm production, agricultural services, and the food processing industry.

This report section focuses on the economic impact of the agricultural industry and how riparian
buffer zones could affect industry values. Economic impact, or significance, is described in
terms of direct production value, agricultural land and local taxation values, and the direct and
secondary economic affects on local and state income. These types of values and economic
measures can be applied to an assessment of economic impacts directly related to buffer zones,
and examples of such are estimated. The industry values and economic impacts are presented at
the state level, and they are developed for selected counties for illustration purposes. The
selected counties reviewed here are representative of east- and west-side counties that host large
agricultural economic bases and would likely be affected by buffer zone management regimes.

The following information provides an overview of the agricultural industry’s economic base for
the State, the industry’s economic influence within selected counties, and general or “index”
value impacts that would result from buffer zones. Related issues also are discussed, including
factors for consideration in water use reallocation and more vigorous economic frameworks from
which to judge the economic effectiveness and trade-offs inherent to developing buffer zones.

4.2 Farm Production Values

Agricultural production values can be expressed in several ways, but one of the more common
measures is farm-gate value, the gross revenues received by farm operators for their products.
These values represent the total dollars that are received by farm producers, most of which are
then spent locally, regional, or nationally to cover production expenses. A small percentage of
farm-gate value usually “stays in the hands” of owners and managers, but the bulk of the value is
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transferred to other sectors of the economy to cover the variable and fixed costs of farm
operations. As such, farm-gate value can be viewed as the total value of input costs to the
primary farm production sector, plus the value of farm management, labor, and investment
returns.

At the overall state level, the farm-gate value for agriculture amounts to about $5.4 billion in
year 2000 dollars (National Agricultural Statistic Service, 2002). About $1.7 billion are derived
from field crops, about $1.2 billion from fruits and nuts, and about $1.5 billion from livestock
and direct products. During the past decade, the year 1995 represents the peak production value
year, with about $5.8 billion in gross farm-gate revenues. Since then, many commodity prices
have fallen, particularly in the tree fruit industry.

For selected counties, Tables 4.1 and 4.2 summarize the farm-gate values received by farm
operators for their leading crop and livestock products, based on a 1998 through 2000 annual
average value range.
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TABLE 4.1
FARM-GATE VALUES
Farm-Gate Value
For Leading Value Crops, 1998 to 2000
Annual Average Production Value 1998-2000|
County Crop Production Values, by Year (In Year 2000 Dollars)
(Year 2000 Dollars) ($/Acre for Key Crops in Parentheses)
1998 1999 2000
Benton Apples 84,285,796 | 93,518,335 | 82,475,828 86,760,000 (4,500)
Cherries 23,763,423 | 21,130,520 | 27,704,002 24,199,000 (8,600)
Grapes 44,503,785 | 45,342,446 | 46,124,331 45,324,000 (2,900)
Potatoes 89,312,812 | 96,935,700 | 91,825,500 92,691,000 (3,000)
Hay 9,317,351 | 10,102,800 | 13,088,000 10,836,000
Kittitas Apples 8,504.059 | 9,435,581 | 8,321,442 8,754,000
Pear 1,514.171 | 1,679,069 | 1,435,818 1,543,000
Hay, total for crop| 29,666,317 | 31,901,928 | 33,502,000 31,690,000 (600)
Potatoes 1,103,855 | 1,009,476 | 1,096,500 1,070,000 (1,800)
\Wheat 676,790 n/a 8,321,442 4,499,000
Oats 118,093 137,088 132,000 129,000
Skagit Apples 1,633,109 | 1,811,997 | 1,598,039 1,681,000
Corn 11,025,509 | 9,424,188 | 8,464,500 9,638,000
Hay, all 3,071,495 | 2,489,004 | 3,188,600 2,916,000 (280)
Potatoes 13,151,786 | 12,750,000 | 14,088,750 13,330,000 (1,700)
Green peas n/a 3,836,009 | 2,193,740 3,015,000
Wheat, all 826,358 882,259 | 1,131,300 900,000
Yakima  |Apples 344,297,757(382,011,614|336,904,243 354,405,000 (4,400)
Cherries 45,245,735 | 40,232,668 | 52,748,626 46,076,000 (7,100)
Grapes 43,386,232 | 44,203,833 | 44,966,083 44,185,000 (2,700)
Pears 46,614,506 | 51,690,966 | 44,202,386 47,503,000
Hay, all 20,997,486 | 19,852,872 | 22,520,000 21,123,000
Note:

Sources: See Economics Appendix C.

The leading crop values for the selected counties are displayed in Table 4.1. To a large extent,
the direct production values for Benton and Yakima Counties illustrate the large contribution
agriculture can make to local and regional economies. The combined fruit and crop production
amounts to about $260 million in Benton County, and about $513 million in Yakima County.
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And within Kittitas and Skagit Counties, fruit and crop production values comprise about $43
million and $29 million, respectively.

TABLE 4.2
FARM-GATE VALUES

Farm-Gate Values
for Animal Production and Products, 1998 to 2000
Average Farm
County Commodity Total Farm Gate Values by Year Gate Value
(2000 Dollars) (Dollars)
1998 1999 2000
IBenton
Milk Production 8,097,563 7,921,844 6,607,440 7,542,000
Cattle & Calves 8,079,766 6,882,698 8,913,090 1,956,000
Hogs & Pigs 36,241 35,118 49,840 40,4000
Sheep 91,214 77,306 83,545 84,022
IKittitas
Milk Production 1,913,841 1,873,179 1,562,022 1,783,000
Cattle & Calves 20,776,092 17,697,880 22,919,233 20,464,000
Hogs & Pigs 63,167 57,695 82,357 68,000
Sheep 176,095 140,789 152,152 156,000
Skagit
Milk Production 72,520,769 69,535,810 59,409000 67,156,000
Cattle & Calves 21,930,232 18,681,854 24,192,250 21,601,000
Hogs & Pigs 71,635 69,311 69,391 80,000
Sheep 26,835 22,782 24,621 25,000
Yakima
Milk Production 181,832,563 | 174,352,096 | 148,357,314 | 168,381,000
Cattle & Calves 130,949,365 | 90,212,420 | 133,207,488 | 118,123,000
Hogs & Pigs 189,417 173,971 247,172 204,000
Sheep 792,458 633,549 690,908 706,000
Note:

Source: See Economics Appendix C.

Milk production and livestock are significant local industries within counties like Skagit and
Yakima, holding high production values (Table 4.2). The average annual milk and livestock
production values amount to about $89 million in Skagit County, and about $287 million in
Yakima County. For Benton and Kittitas Counties, the annual value of milk and livestock

production is about $16 million and $22 million, respectively.
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These farm-gate values transfer into expenditures for agricultural services and goods, equipment,
supplies, labor, and other production inputs obtained from local, state, and out-of-state areas.

4.3 Agricultural Land Values and Taxation Rates

Table 4.3 displays estimated agricultural land value ranges (market values) for the selected state
counties. The land values are important to local areas both as retained, long-term capital value
for farm owners and as the base value for local taxation to support infrastructure projects and
services (schools, roads, hospital districts, fire districts, other). Also, these land values represent
values for the maintenance of agricultural production, not values associated with the
transformation of agricultural lands to non-agricultural uses.

As presented in Table 4.3, the estimated land values for agriculture in Skagit County range from
about $2,800 to $4,000 per acre. Higher values can be obtained for certain specialty crops, like
blue berries, depending on the condition of the field. A similar range exists for Kittitas County,
with values at about $2,000 to $3,000 per acre for most farm ground (including some value for
site buildings as estimated by the Census of Agriculture).

Higher land-value ranges occur for Benton and Yakima Counties due to the higher percentage of
specialty crops—wine grapes, cherries, and certain apple varieties—grown within the region.
Land values here are about $3,500 per acre for high quality row-crop ground, and as much as
$7,000 per acre (or more) for specialty crop ground. These land values include the value of
water rights (or water delivery) and irrigation distribution systems (on-site irrigation systems).

Taxation rates for agricultural areas vary depending on what is included within the county tax
base (exclusive of other consolidated land taxes), but a mid-range value would be about $10 to
$14 per $1,000 of assessed land value (Pacific Northwest Project, 1994, 2001). If assessed land
values (exclusive of buildings and other improvements) are assumed to reflect the lower range of
the land market values (assessed values are typically lower than average market values), then the
local tax benefits for the lands identified in Table 4.3 would amount to about $42 per acre, or
$6.4 million for Benton County; about $24 per acre, or $1.8 million for Kittitas County; about
$34/acre, or $3.1 million for Skagit County; and about $30 per acre, and $8.3 million for Yakima
County (at $12 per $1,000 value tax rate).

Actual tax revenues obtained from agricultural lands, for each county, will depend on specific
land assessments including improved property, and tax rates, but the above estimates serve as a
useful and realistic value for consideration across statewide agricultural lands.
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Also, it is important to note that agricultural land (market) values are significantly different than
land values for undeveloped, idle ground. The difference is usually at least a factor of 5 to 10 or
more. Consequently, for many counties, the developed agricultural lands are a major source of

county revenues to support local infrastructure and services.

TABLE 4.3

ESTIMATED LAND (MARKET) VALUES FOR SELECTED COUNTIES

Estimated
Total Estimated Land | Estimated Total Average
County Farmland Values Values Value
(Acres) ($/Acre) ($ Millions) ($ Millions)
Benton 153,000* | $3,500-$7,000** $535-$1,071 $803
Kittitas 75,600* $2,000-3,000 $151-227 $189
Skagit 93,000 $2,800-4,000+ $260-372 $316
Yakima 277,000* $2,000-$7,000 $554-$1,939 $1,247
Notes:
Sources: Census of Agriculture, Washington, 1997; Personal communications with Polygon Management

(farming and land developers), Mount Vernon, Washington, and Northwest Farm Management/Clark Jennings
and Associates, Pasco, Washington (commercial agricultural land managers and brokers), July 2002; and
review of active REALTOR MLS listings for Skagit County and Kittitas County (internet sites), July 2002.

*  lrrigated acreage only.

** Irrigated agriculture for production agriculture only.

To the extent that buffer zones would be adopted within these selected counties, individual
landowners would incur reduced land and farm production values, and the local economic
benefits of production agriculture would diminish. Adverse economic impacts would include
both secondary economic impacts and reduction in local taxation benefits.

4.4 Measuring Economic Impacts within State and Local Economies

The regional economic impacts of the agriculture industry—including impacts from direct
agricultural production, agricultural services, and food processing—can best be described in
terms of direct income (or earnings) and the secondary or "indirect" income it creates in other
sectors of the economy. This direct and indirect relationship is often referred to as the multiplier
effect, the secondary economic impact generated by "basic" economic sector activity. This
dependence and multiplier effect exists within state, regional, and local economies.

Economists and regional planners often refer to specific sectors of local or regional economies as
either being basic (export-based) or non-basic (service). In particular, economists are interested
in how changes to the basic economic sectors affect secondary and induced economic activity
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within an area. Some economic activities exert multiplier effects to relatively confined local
areas (labor services), while others create economic activity throughout a state or larger area
(equipment purchases and durable manufactured goods).

While there are several different types of multipliers to gage the magnitude of economic activity
within a defined area, the emphasis on income multipliers reflects a conservative perspective.
Income does not depict the value of goods and services traded by a specific economic sector; it
only constitutes the actual net income produced by a set of economic transactions that actually
stays within the defined area. For example, the agricultural sector may purchase farm equipment
within a local county, but most of the income value of the purchase flows to the county of origin
where the equipment was manufactured. Economists refer to this transfer of value outside the
county of purchase as “leakage.” Consequently, income multipliers only measure an economic
sector’s real income generation within a fixed area (defined economy) and tend to be “lower
values” when compared to other types of measures, such as the value of production for affected
goods and services. But for many economists and decision makers, the “bottom line” question
surrounding an economic activity is: how much real income did this activity bring into my
county or state?

There are several tools or methodologies that can be employed to measure the multiplier effect of
specific types of economic activity (see Schaffer, 1999, and Bendavid-Val, 1991, for an
overview of impact models, methodology, and applications). These include economic base
analyses (location quotient or minimum requirements methods), and input-output analyses that
review the cumulative economic transactions among multiple economic sectors. These methods
each have advantages and disadvantages. Economic base methods do not require extensive data,
but are limited in accuracy; their application must take into account distortions in geographical
scope and interaction with other types of basic economic activities within a specified economy.
In contrast, input-output (I/O) analyses (models) can require an extensive amount of data and
adjustment, but they yield far more descriptive and usually accurate information about specific
economic sector impacts.

For review purposes here, estimates of direct and indirect economic impact within states and
counties based on contributions to income are measured using the IMPLAN modeling system.
IMPLAN is an I/O model that has been used in numerous economic impact studies and is
maintained by a technical consulting group (Minnesota IMPLAN Group). The basic model
consists of regional and national data and I/O algorithms for impact analysis. The IMPLAN
model is based on national average economic relationships between economic sectors, buying
and selling of goods and services with state and regional (county) level data adjusted or
recalibrated to better match regional transactions (from regional data obtained from the Bureau
of Economic Analysis). As such, IMPLAN is an I/O model that allows for an assessment of
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regional economic conditions using non-survey data, providing for an acceptable range of
accuracy for the purposes needed herein.

Based on consultations with IMPLAN technical support staff, IMPLAN is used for state and
county-level analyses to estimate direct and indirect economic impacts for the agricultural
industry, with modeling adjustments made to avoid double-counting errors among the
agricultural production, agricultural services, and food processing sectors. The I/O model uses
1999 regional data for calculating sector relationships. The income values depict 2000 data and
expressed in year 2000 dollars. A state-level analysis is used to illustrate the "linkages" among
the major economic sectors, for example, the buying and selling of goods and services by the
agricultural production and food processing sectors to several other sectors of the economy. By
identifying these linkages, the flow of economic activity created by the agricultural industry can

be revealed.

Estimates of direct and secondary income effects from agriculture and irrigated agriculture are
displayed in Table 4.4. These estimates are based on 1999 I/O model data (recent version of
IMPLAN model with 1999 data sets), with the resulting direct and indirect relationships carried
over to the most recently available Bureau of Economic Analysis state income data sets (2000
data). The I/O model estimates for indirect income generated by the agricultural industry sectors
are founded on conservative modeling techniques to avoid double-counting and other errors that
could over-estimate the direct and indirect based on consultations with IMPLAN Group technical
staff and a review of Rodolfo ef al. (1996).

TABLE 4.4

AGRICULTURAL INDUSTRY DIRECT AND SECONDARY ECONOMIC IMPACTS*

Agricultural Industry
. Direct Income Total Direct & Ag. Industry %
Washington State ($ Millions) Indirect of Total
and Selected Agricultural| Food | Agricultural | Industry
Counties Agriculture Production Services |Processing| Industry Income
(Direct) (Direct) (Direct)
Benton $97 $22 $80 $307 17%
Skagit $77 $15 $32 $228 13%
Yakima $369 $57 $124 $1,050 41%
Washington State $1,379 $890 $1,461 $7,768 7%
Notes:
Sources: U.S. Dept of Commerce, Bureau of Economic Analysis Data Series, Regional Economic Information System

(REIS) 2000 data series, Minnesota IMPLAN Group 1999 model data bases, and modeling analyses prepared by

Pacific Northwest Project, June-July 2002.

*Income defined by Bureau of Economic Analysis as net earnings by each economic sector.

In Table 4.4, Washington State and selected county estimates are reviewed for direct income (in
year 2000 dollars) derived from the agricultural industry. The industry generates about $3.7
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billion in direct income, representing about 2.8 percent of the state’s $136 billion industry-
related income, not including government and government services. Compared to other state
industry-group sectors, the agricultural industry ranks fifth in producing direct income. The four
leading sectors are health services, the combined finances insurance and real estate business,
manufacturing of transportation equipment, and engineering and management services (Bureau
of Economic Analysis, 2000).

Also in Table 4.4, state and selected counties were directly modeled with IMPLAN, producing
an overall agricultural industry multiplier for the state of about 2.3 (multiplier is for aggregated
agricultural production, agricultural services, and food processing sectors). That is, for every
dollar of income directly produced by the agricultural industry, an additional 1.3 dollars of
income are indirectly generated within the state economy. This estimate is slightly higher than
previous IMPLAN modeling estimates using 1994 data, which suggested a state multiplier of
about 2.0 (Pacific Northwest Project, 1998). The larger 2000 multiplier would tend to indicate
that the percentage of higher-value and value added crops (more food processing) in the state has
increased slightly since the mid-1990s.

The model analyses for the selected counties suggest multipliers ranging from about 1.5 to 1.9,
which is consistent with other analyses for county-level income multipliers dealing with county
and regional level data (IRZ Consulting and Pacific Northwest Project, 1998; Pacific Northwest
Project, 1996, 1998; Northwest Economic Associates, 1994). This produces a range of about 1.7
to 2.0. Based on these data estimates, a “general” county multiplier of about 1.8 would be
acceptable for broad-based observations across the state, representing a conservative estimate of
county impacts relative to the economic sector linkages involved. The extent of the economic
sector links (total generation of income) is less within counties than at the state level; thus, the
income multiplier for counties is less than at the state level.

The indirect income effect represents the flow of dollars through the economy that create
secondary income in economic sectors indirectly supported by the agriculture industry. The total
amount of annual (2000) state income generated by the agricultural industry—agricultural
production, agricultural services, and food processing—is about $7.8 billion; the indirect portion
being about $4 billion. At the overall state level, the agricultural industry generates about 7
percent of the total household income, not including the government and government services
sectors (direct and indirect income).

At the county or regional level, the agricultural industry’s impact can be far more pronounced.
For example, in selected counties that could be directly affected by buffer zones, the income
contribution ranges from about 13 percent to over 40 percent, not including the government and
governmental services sectors.
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Relative to the issue of buffer zone impacts at the county level, the above economic analyses
indicate that buffers would be affecting economic sectors that are major contributors to income
and economic activity within affected counties. The important questions become: (1) to what
degree would buffer zones impact income generation, and (2) can such zones be managed to
reduce economic impacts?

4.5 Sector Linkages within the Economy — The Flow of Economic
Transactions

One further point should be made in considering the direct and indirect economic impacts
exerted by the agricultural industry. The industry affects almost all economic sectors of the state
economy. This is observable through the I/O modeling exercise, where the links between
economic sectors are identified and the purchases (or sales) estimated (see Table 4.5).

The links represent the buying (input) and selling (output) conducted among the different
economic sectors as they develop products and provide services within the overall economy.
This activity is often referred to as the “flow” of economic transactions within an economy.

Table 4.5 displays the economic links associated with the agricultural industry for the State of
Washington (1999 data). Estimates of inter-sector buying and selling are quantified based on the
IMPLAN modeling assumptions (Minnesota IMPLAN Group, 1999). The economic links
indicate that Washington’s irrigated agriculture industry annually (1999) buys about 60 to 70
percent of the value of purchases made by the direct agricultural production in Washington.
Food processing sectors buy from other economic sectors within the state (about 30 to 40 percent
out-of-state); and the agricultural services sector buys about 30 percent of its value of purchases
from other in-state economic sectors.

At the county level, similar ratios exist for local versus non-local purchase values. For the
selected counties, the direct agricultural production and food processing sectors buy about 60
percent of their value of purchases from other local economic sectors, with the agricultural
services sector buying about 20 to 30 percent of its value of purchases from other local sectors
(Minnesota IMPLAN Group, 1999 data sets).
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TABLE 4.5
ECONOMIC SECTOR LINKAGES TO THE AGRICULTURE SECTOR
(IMPLAN MODEL AND 1999 DATA ESTIMATES)

Agricultural Production Agricultural Services Food Processors Buying
Buying From State Buying From State From State Economic
Economic Sectors Economic Sectors Sectors
Economic Sectors Total Purchase in 1999 Total Purchase in 1999 Total Purchase in 1999
($ Millions) ($ Millions) ($ Millions)

Agricultural Production 458.9 73.3 1,343.7
Ag Services 268.0 2.7 3.6
Construction 87.4 13.7 67.6
Food processing 131.6 0.8 451.5
Wood products 13.3 0.0 1.4
Chemicals and allied 84.2 20.8 44.7
Petroleum products 72.2 6.0 25.1
Industrial machinery 9.6 0.5 5.5
Electrical equipment 9.1 0.9 1.0
Trar)sportatlon 70 21 7.1
equipment
Rallrpads & Related 214 08 36.6
Services
Motor Freight Transport
& Warehousing 7 8.7 1716
Water Transportation 8.4 04 254
Transportation Services 29 0.4 3.9
Communications 14.0 51 29.7
Utilities 52.3 0.5 76.1
Wholesale Trade 298.8 36.8 674.3
Retail Trade 0.5 1.7 43.8
Financial Institutions 491 13.0 115.7
Real estate 247.2 8.2 34.8
Hotels and Lodging 23 19 36.0
Places
Business services 11.4 13.2 328.3
Automotive services 23.6 15.1 39.7
Repair services 17.3 1.5 20.5
Health services 12.6 0.0 0.0
State & Local Non-
Educational Government 5.7 2.1 474
Other Sectors 21.9 411 163.4

TOTAL 2,028 271 3,799
4.6 Direct Economic Impacts from Buffer Zones — What is at Risk?

While the economic impacts of buffer zones are very site-specific in nature, depending on the
type and extent of land and farm operations being affected, there are methods that can be used to
estimate indicator or “index values” for such impacts. Because the index values represent
generalized estimates of broad-based compiled data sets and assumptions, they should not be
considered as “precise impact values.” In many circumstances they would underestimate or
overestimate economic impacts because of their comprehensive basis for compilation.
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Nevertheless, they can be used to assess an approximate magnitude of impact and would be
appropriate for general resource planning and decision-making purposes, where broad-based
economic impacts are being considered.

The methodology used to estimate the index values for the selected counties is developed in
Table 4.6. In Table 4.6, crop, milk production, land, and local income values are estimated on a
value per acre basis for each county, given the available production estimates and data sources.
Using this methodology and data sources, crop production values per acre range from about $600
to $4,500, dairy production values per acre range from about $4,050 to $5,400, county income
values per acre range from less than $1,000 to about $2,400; and land values per acre range from
about $2,500 to $5,250. Values are weighted averages.

TABLE 4.6
ESTIMATED INDEX VALUES FOR AVERAGE AGRICULTURAL PRODUCTION AND
LAND VALUES
Affected Average Average
Crop Dairy County
Counties Production Production Income Average Land
Value/Acre Value/Acre* Value/Acre Value/Acre
Benton $4500 | @ - $1,900** $5,250
Kittitas $600 | @ - < $1,000*** $2,500
Skagit $1,700 $4,050 $2,400*** $3,400
Yakima $4,000 $5,400 $1,900** $4,500
Notes:

* Based on average dairy farm size of 400 acres east-side and 200 acres west-side, 2000 average value milk
production estimates above, and Census of Agriculture estimates for total dairy farms per county; information
from Soil Search Consultants, Kennewick, Washington, July 2002; and Washington State Dairy Federation
staff (estimated average dairy sizes for Washington state); and milk production values from above tables and
sources cited therein. Value is highly sensitive to assumptions about number of farms and average size.

** Based on irrigated crop lands for Benton County and Eastern Oregon, USACE 2000, Pacific Northwest Project
2001, and IRZ Consulting and Pacific Northwest Project 1998.

*** Based on above direct and secondary income estimates for Skagit and Kittitas Counties and total estimated
farm acreage.

The values derived in Table 4.7 are converted to potential value losses related to buffer zones,
where the zones are defined as value per mile of 75-foot buffers, for both sides of the affected
stream. The general assumption for value loss is based on loss of economic activity tied directly
to affected land acreage. For illustration purposes here, it is assumed that all acreages included
within buffer zones would have a uniform or linear impact on the various measures of local
economic value, such as crop production, milk production, and county income. On an empirical
basis, this may or may not be the case, depending on the extent that economic activity is allowed
within some portion of the buffer zone, the Table 4.7 index values would overstate the levels of
impacts. Inversely, to the extent that a buffer zone caused a farm operation to be no longer
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economically viable, forcing it to go out of business, the index value would underestimate the
impact magnitude.

TABLE 4.7
ESTIMATED INDEX VALUES FOR BUFFER ZONE IMPACTS
Dairy Prod. Ave. County Ave. County
Crop Value Value Income Ave. Land Value Income
Loss/Mile Loss/Mile Loss/Mile Loss/Mile Loss/100 acres

Counties 75 ft Buffers* 75 ft Buffers* 75 ft Buffers* 75 ft Buffers* of Buffer
Benton $81,000 | = ————-- $34,200 $94,500 $190,000
Kittitas $10,800 | @ - | e $45,000 | -
Skagit $30,600 $66,960 $43,200 $61,200 $240,000
Yakima $72,000 $88,200 $34,200 $81,000 $190,000

Notes:

Table values based on above tables and sources cited therein.
*  Assumes riparian buffer impacts on both sides of stream, approximately 18 acres per mile.

4.7 The Farm Economics of Agricultural Buffer Zones — Some
Examples

One of the best ways to understand the economic impacts of buffer zones on farm owners is to
review available examples where farm managers have installed buffers. The Natural Resources
Conservation Service has provided a multi-state case study of several farm types and buffer
programs currently in operation (USDA-National Resources Conservation Service, 1997). By
reviewing this information, it is possible to identify certain trends affecting farm economics and
the types of buffers being implemented.

First, large riparian buffers, about 50 feet wide, have been adopted by some landowners (without
compensation) where high-value crops are involved, such as oranges and grapes, and where
acreages affected are relatively large (100 acre blocks or larger). Some farmers have accepted
the buffers as “a cost of doing business,” relying solely on the buffer zones to protect water
quality, as opposed to employing other management tools. The high-value crops allow farm
operators greater flexibility to adjust to relatively large buffer zone sites, and other direct land
management actions are relegated to resolution by buffer zones. Examples are cited from
Florida and California.

Examples where relatively large riparian buffers about 35 to 50 feet wide have been adopted by
landowners and farmers involve large acreages (greater than 500 acres), and it has been the
landowner’s choice to use buffers as a preferred management alternative to control for water
quality problems. Here the affected lands do not appear to contribute significantly to farm
production revenues. Landowners with large acreages are receiving acceptable compensation
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through the CRP program to offset costs. Examples are cited from South Carolina and New
York.

In Utah, Oregon, and Idaho, some examples are offered where buffers are limited to agricultural
management zones, where cover crops and animal grazing periods are controlled. Some range
operations are providing minimal buffers but have fenced livestock away from critical stream
habitat areas. In these examples, the application of buffer zones is limited or includes multi-
purpose land management objectives that minimize the costs involved to farmers and ranchers.

What emerges from these buffer zone examples is that buffer applications have been tailored to
meet the specific economic circumstances of individual farmers. Farm operators have elected to
adopt buffer zones that do not measurably interfere with or negatively impact farm economic
vitality. In these cases, cost and/or compensation is an important factor in buffer zone
applications.

4.8 Agricultural Water Reallocation and Buffer Zones — Economic
Issues

The economics of buffer zone impacts can be, and often are, related to water reallocation actions.
This can occur indirectly in terms of water rights affected by irrigated land loss to the buffer
zone, thus reducing the water quantity of the water right held by the land owner; and it can occur
directly in an economic sense, where the question of water value trade-offs occur for fish or
other non-market value resources.

The economic value of water can be expressed in terms of direct net value (National Economic
Development standards used by federal water resources agencies) per acre-foot of water used for
specific sectors, such as irrigation, municipal, hydroelectric power production, fisheries and
wetlands restoration or enhancement, and recreational activities. Several estimates of the value
of water related to these activities have been made in the west, depicting economic values
derived from (1) use of market transactions (irrigation, hydroelectric power, and commercial
fisheries sectors), (2) use activities that are non-market in nature (sport fisheries and recreation),
and (3) option and existence values related to both non-use and non-market perceptions of value
(various types of environmental resources) (for example, see summary in Pacific Northwest
Project (1998).

Any review of economic value estimates for water resources brings forward several issues
surrounding water use trade-offs, such as reallocating water away from irrigated agriculture to
environmental resources. First, while the value of water for irrigated agriculture falls within a
relatively narrow range, the water values for environmental resources can be either well below
the value of irrigation, or they can appear to be much higher. This suggests that relying on

GEI COHSUltaHtS, Inc. 44 02162 02-10-30 Economics of Riparian Buffers



Riparian Science Review
Ag Caucus
October 2002

preconceived assumptions about the economic benefits or costs of water transfers will likely lead
to poor water reallocation decisions. The economic benefits and trade-offs must be dealt with on
a local or regional basis.

Second, it should be noted that while water values for irrigation are "user values," many water
values (or much of the economic value) for environmental resources are non-use values. In fact,
much of the value attributed to environmental resources is a non-use, non-market value that is
quantified through survey methods into monetary terms. For example, survey respondents are
asked to state their "willingness-to-pay" for environmental resources that would be protected or
restored to some positive condition (some very specific examples of this methodology for the
Northwest region are in Pacific Northwest Project, 1994; Olsen, D. et al., 1991; and Olsen, D.
1993; and also refer to Loomis, 1997).

When we compare water values for irrigation to those for non-use, non-market entities, the
economic nature (or actual impact) of the direct net values is quite different. For example, the
direct net value for irrigation consists of material production that generates direct net economic
activity and secondary/regional economic activity-both of which can be measured in terms of net
production value, income, or employment. When non-use values are measured, no actual
income is generated within the economy. What is being measured is an expression of
willingness-to-pay, which may or may not be an accurate measurement of economic value
(consumer surplus value if a market transaction could actually be provided), and may or may not
be considered as contributing to measures of real income gain. There is a tangible difference
between actual direct net value within a real market transaction or use circumstance, versus the
pure perception of economic value. This is an issue that some resource economists believe
should temper how existence values are used, and may limit their relevance when being
contrasted directly to use values-particularly when the existence values exceed use value by
several factors.

Third, non-use, non-market measures of existence value are seldom handled equivalently
between resource comparisons. For example, while economic valuation estimates have been
made to capture use and non-use values for many environmental resources, existence values are
seldom, if ever, considered for activities such as the irrigation sector; there is, no doubt, some
existence value that society attaches to irrigated agriculture and all of its environmental qualities,
either real or imagined. This can be illustrated by the types of economic valuation studies that
have been recently conducted for the Central Valley Project and the Columbia-Snake River
Basin (major EIS studies conducted by the USBR and Army Corps of Engineers). Non-use
existence values have been estimated for fish resources (which also retain use values), but no
attempt is made to calculate non-use existence values for the irrigation sector benefits. In effect,
the value estimates used to assess economic trade-offs, in these situations, are not equivalent in
structure.
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Consequently, the economic trade-offs involving water reallocation decisions must be weighed
with great caution. While decision makers may harbor the best of intentions, the end result of
incompletely reviewed decisions could lead to a real loss of economic benefits.

4.9 Assessing Economic Impacts from Buffer Zones — Three
Methods

There are some standard economic “tools” that are employed to assess land and water use
impacts when considering major project developments or when significant economic sector
trade-offs are being contemplated: benefit-cost analysis, marginal benefit assessment, and cost-
effectiveness analysis. Unlike local or regional impact analyses that concentrate on measures of
income or employment (Regional Economic Development), these tools primarily focus on
measures of direct net value and net social welfare trade-offs between major economic sectors
(National Economic Development values).

Benefit-cost analysis could be employed to measure the direct net benefits versus costs for
setting aside buffer zones for specific streams and counties. To do so, the direct net value of
production per acre (cost) would be contrasted to the direct net value of fish resources, based on
increased fish production leading to increased sport and commercial fishing (benefits). The cost
would not be difficult to measure, and the benefits could be estimated based on assumptions
affecting the increased survival rates for fish for specific stream reaches. Alternatively, the
agricultural cost estimate could be used as an economic criterion to assess the required fish
production increase per acre to balance the benefit-cost trade-off.

A marginal benefit assessment would scrutinize the value of incremental benefits—fish
production or habitat units—based on specific actions taken. For example, a review of the litter-
fall effectiveness for habitat enhancement by the Oregon Forest Industries Council (CH2M
HILL, 1999) demonstrated that FEMAT effectiveness curves produced very little effectiveness
per tree height distance (unit) from streams beyond a unit value (tree-height) of 0.5. In effect,
the marginal value of the buffer zones’ effectiveness, based on tree-height distance, declined
sharply after a 0.5 unit value. Other studies suggested even more limiting marginal values of
effectiveness. Under marginal benefit assessment, the production gained per incremental input
unit of increase is evaluated and, at some point, diminishing gains per unit of input are deemed to
be unacceptable or providing inadequate production value.

Cost-effectiveness analysis could be employed where a specific objective is sought, and different
alternatives to achieve that objective are possible. The emphasis is on finding a more cost-
effective solution to the problem rather than comparing different sectors’ direct net value
changes. For example, if the objective is to control water quality impacts from animal wastes,

GEI COHSUltaHtS, Inc. 46 02162 02-10-30 Economics of Riparian Buffers



Riparian Science Review
Ag Caucus
October 2002

then the annual costs of buffers per unit of control (reduced impacts to water) can be compared
to the annual costs of animal waste management measures. Cost-effectiveness analyses could be
employed in a more detailed economic review of buffer zones for specific areas, such as the
Skagit Valley.

All of these analysis tools offer a means to consider economic sector trade-offs and marginal
benefits and costs (USDA-Economic Research Service, 1999). Still, returning to a regional
economic development (RED) perspective and framework, it should be understood that direct
land impacts to specific agriculture production operations may be marginal, but can remove the
profitability from the operation, thus forcing producers out-of-business. Consequently, a buffer
could have a relatively small land impact, but result in forcing a farming operation out-of-
business, affecting the direct and secondary income stream throughout the community. Then the
economic question becomes, will the buffer zones generate economic activity from other sectors,
and provide income to the local area to offset the direct impact to production agriculture?

4.10 Summarizing Key Points — Agricultural Economic Base and
Impacts

Some highlights and key points of the preceding technical analyses and observations are
summarized below:

e Farm-gate production values exceed $100,000,000 annually in several Washington State
counties. This production value is largely transferred to other sectors of the county, state,
and national economies creating further economic activity.

e The agricultural industry increases land values in several rural counties, contributing
millions of dollars to each county tax base—paying for infrastructure and services.

e The agricultural industry, including agricultural production, agricultural services, and
food processing-is a significant economic sector within Washington State, generating
almost $8 billion annually of state income. In particular, the agricultural industry is a
leading economic sector in several counties located away from the major urban centers.

e The agricultural industry possesses linkages to almost all other economic sectors of the
state economy—buying and selling diverse goods and services throughout the state.

e Representative “index values” can be calculated at the county level to estimate the
regional impacts of 75-foot buffer zones. On a per mile basis, the costs of buffer zones
(for selected counties reviewed here) could range between $11,000 to $81,000 for
affected crops; $72,000 to $97,000 for affected dairy production; and $45,000 to $95,000
for affected land values. On a 100-acre impact basis, the loss of total county income
(direct and secondary) could range between $190,000 to $240,000 annually.
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Water reallocation issues can be tied to buffer zone impacts. Because of the varying
economic value of water within economic sectors, relying on preconceived assumptions
about the economic benefits or costs of water sector transfers will likely lead to poor
reallocation decisions. The economic benefits and trade-offs must be dealt with on a
local or regional basis.

In water, land, and environmental resources valuation and trade-off decisions, the use of
non-market values should be approached carefully. The value ranges can vary greatly
depending on the quality of measurement, some non-market values do not reflect real
measures of income gain or loss for an economy, and non-market values are seldom
handled equivalently among resource comparisons.

There are elaborate economic analysis “tools” that can be used to assess economic sector
marginal benefits and trade-offs surrounding buffer zone management. These tools are:
benefit-cost analysis, marginal benefit assessment, and cost-effectiveness analysis. They
can be used appropriately, and accurately, at the county or regional level.
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Review of Riparian Ecosystems Literature Citations. Communicated to the
Ag Fish Water Agricultural Caucus from John Mankowski, WDFW and
Steve Landino, NMFS,
May 30, 2001.

This Appendix A. is a synopsis of the literature and evidence that the WDFW and NMFS
use to support recommendations for maximum riparian buffer widths in Washington
State’s Agricultural Lands. We review the basis of the citations and comment on them
from the perspective of Best Available Science.

These reports, other supporting citations and literature, form the basis of this Review of
Science Recommendations for Agricultural Buffers for the Ag Fish Water Agricultural
Caucus.

They are reviewed in the same sequence as collated by the originating agencies.

We were unable to review two sources directly, one was an REMM model in press
(Appendix A.11) and the other was a paper by Murphy 1995 on effects of logging
salmonid habitat in Alaska (Appendix A.8). We did review other research by this same
author elsewhere and on this topic by other authors such as by S. Gregory Or.St.Univ.
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United States Dept. of Agriculture-Natural Resources Conservation Service.
2000. Conservation Buffers to Reduce Pesticide Losses. Source available
at: http://www.nrcs.usda.qgov.

This NRCS report discusses several studies that have evaluated the effectiveness of
buffer zones to trap pesticide field losses.

On key point that is made by the report is that pesticide field losses are largely occur at
locations of heavy rainfall and pesticide use or where some types of irrigation practices
are used. Water run-off is the measure that is being controlled by the buffer zones.

Another characteristic of the report is that it reviews technical studies almost exclusively
conducted within the Southwest or Midwest.

The review of buffer sizes and conditions varies greatly, with some buffer in the 15-30 ft.
width range and others much larger—as much as 164 ft. for multipurpose buffers. The
authors note that buffer widths ranging from 16 to 59 ft. have been effective to filter out
agri-chemicals depending on buffer types and land conditions.

For sediment trapping, the report acknowledges studies suggesting 15-30 ft. wide buffers
as being adequate, while other studies recommended 50 ft. buffers, as a general rule.

In designing buffers, the report stresses that the buffer purpose must be defined and
applied taking into account local conditions (land-use, soil composition, and climate
conditions). For sedimentation problems, buffers of 20 ft. are deemed adequate, while if
the focus is on nitrates and pesticides, wider buffers are recommended. But the key
factor in designing buffers will be site-specific conditions.

The report also stresses that on-farm manages practices (best management practices)
should be considered in designing buffer zones, as well as farm-specific economic
conditions.
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Bolton, S. and J. Shellberg. 2001. Ecological Issues in Floodplains and
Riparian Corridors. White Paper. Prepared by University of Washington,
Center for Streamside Studies. Submitted to Washington Department of
Fish and Wildlife, Washington Department of Ecology, Washington
Department of Transportation.

This report focuses on the ecological effects of channelization, channel confinement, and
construction in riparian areas. As such, it really does not provide any information about
the specific topic of riparian buffers in agricultural areas. The report makes no
recommendations for riparian buffer zones. It does, however, discuss channel migration
zones (CMZ). This is the area in which the stream is expected to move. The report
reviews a number of definitions of the CMZ.
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Forest Ecosystem Management Assessment Team. 1993. Forest ecosystem
management: an ecological, economic, and social assessment.
Washington, D.C.: US Department of Agriculture, Forest Service; US
Department of Commerce, National Oceanic and Atmospheric
Administration, US Department of Interior, Bureau of Land Management,
U.S. Fish and Wildlife Service, and National Park Service; and
Environmental Protection Agency.

The Forest Ecosystem Management Assessment Team (FEMAT) was commissioned to
formulate new management options to address the crisis caused by federal court bans
timber harvest on federal lands with spotted owls and other listed species. Scientists from
universities and agencies USFS, BLM, EPA, USFWS, NPS, NMFS, comprised the team.

FEMAT was instructed to identify management alternatives for establishing a network of
late-successional/old-growth reserves and a prescription for the management of the
intervening forestland. The Plan was to attain the greatest economic and social
contributions from the forests but also meet the requirements of the Endangered Species
Act, the National Forest Management Act, the Federal Land Policy Management Act, and
the National Environmental Policy Act.

The management options incorporated conservation measures for the recovery of the
identified listed species, with northern spotted owl as a guiding species. The area
addressed by FEMAT is the range of the northern spotted owl within the United States,
which includes western Washington, western Oregon, and northwestern California. The
resulting stream buffer subscriptions were based on the life history needs of a multitude
of species and their habitat structure but primarily driven by recovery needs of spotted
owls. The Team was commissioned to formulate and assess the consequences of an array
of management options that might solve timber cutting and other operation issues within
the northern spotted owl range. The objectives were to produce management alternatives
that would comply with existing laws and produce the highest contribution to economic
and social wellbeing. Note: This is considerably different need and goal for riparian
buffer protection of salmonids in agricultural lands (emphasis AgFishWater
Review).

Each of the ten options contains reserve areas in which timber harvests are either not
allowed at all or are limited, and areas outside of reserves (referred to as the Matrix)
where most timber cutting occurs. The reserves are of two types: Late-Successional
Reserves, encompassing older forests stands, and Riparian Reserves, consisting of
protected strips along the banks of rivers, streams, lakes, and wetlands, which act as a
buffer zone between the water and areas where cutting is allowed.

The forthcoming discussion will focus on salient Riparian Reserve issues.

All options contain some form of Riparian Reserves. Riparian Reserves are intended to
address the habitat requirements for fish and other aquatic and riparian species. They also



protect water quality, maintain appropriate water temperatures, and reduce siltation and
other degradation of aquatic habitat that results from timber cutting on adjacent land. This
degradation has been an especially serious product of past road building and cutting
practices and is a contributing reason why certain fish species are now at risk of
extinction.

Under different options, Riparian Reserves vary in width depending on the size of the
body of water and the ecological importance of the watershed. Options 1 through 4
provide the greatest amount of riparian protection. Options 7 and 8 provide the least. The
rest are in the middle of the range of protection.

The options recognize three categories of waters: (1) permanently flowing fish-bearing
rivers, streams, lakes, and reservoirs; (2) permanently flowing nonfish-bearing streams,
ponds, and wetlands larger than 1 acre; and (3) intermittent streams and wetlands smaller
than 1 acre.

All options except Options 7 and 8 incorporate buffer widths that are a minimum of 300
feet on each side of the water for the first category of streams, and a minimum of 150 feet
for permanently flowing streams of the second category. Option 7 buffers were
established by Forest Service and the BLM and are generally narrower. Option 8 uses 75
foot buffers for the second category.

In addition, all options except Option 7 prescribe minimum buffer widths for intermittent
streams and for small wetlands:
Options 1 and 4 use a buffer width of at least 100 feet for these areas.

Options 2, 3, 5, 6, 9, and 10 use a 100-foot minimum width for intermittent streams and
certain Key Watersheds and a 50 foot minimum elsewhere. In Option 9 an effort was
made to delineate the Late-Successional Reserves in Key Watersheds.

Option 8 uses a 25-foot minimum for all intermittent streams and small wetlands.

Option 7 is based on the plans of the Forest Service and the BLM. Those plans do not
generally prescribe a minimum buffer for intermittent streams; where they do the buffer
width is usually 25 feet.

Initially, under all options but 7, no harvest would be allowed in Riparian Reserves, and
agencies would be required to minimize the impact of roads, cattle grazing, and mining
activities. Prescriptions under Option 7 are less restrictive. The options that prescribe
buffers allow for the adjustment of buffer widths and may allow some timber cutting after
completion of watershed assessments.

In planning for ecosystem management and establishing Riparian Reserves to protect and
restore riparian and aquatic habitat, the overall watershed condition and the suite of
processes operating need to be considered in a watershed analysis. Watershed analysis is
required in Key Watersheds before moving forward with all options except Option 7.



The FEMAT team predicted that increased levels of protection of old growth forests
provided by larger reserve systems should foster an increased likelihood of successful
persistence of organisms associated with late-successional and old-growth forest. Note:
This orientation is for the preservation of old growth tree habitat and is not directly
applicable to secondary growth riparian forests of agricultural lands (emphasis
AgFishWater Review). FEMAT found that if a species did not fare well under a
particular option its response generally improved under a more conservative option. This
conclusion can be linked to agricultural buffers in a general fashion. It is arguable that
more conservative options will allow a species to fare better in agricultural systems as
well. However, the Team did identify species and situations where particular organisms
or groups did not respond to the level of habitat protection provided.

Critical issues in management of aquatic resources are; (1) at-risk fish stocks and species;
(2) stream, riparian, and wetlands habitat; (3) water quality; and (4) nonfish species of
aquatic and riparian-dependent organisms.

The Team developed a set of options for management of aquatic and riparian ecosystems
based on scientific understanding of the functional links between stream and wetland
ecosystems and adjacent terrestrial vegetation. Streamside forests profoundly influence
habitat structure and food resources of stream systems for lateral distances exceeding a
tree height for many functions. Tree height distance away from the stream is a
meaningful indicator that is crucial for providing aquatic habitat components, including
wood recruitments and degree of shade. The Team defined site-potential tree height as
the average maximum height of the tallest dominant trees (200 years or more) of a given
site.

Riparian Reserves are portions of watersheds where riparian-dependent resources receive
primary emphasis and where species standards and guidelines apply. Riparian Reserves
include those portions of a watershed that are directly coupled to streams and rives, that
is, the portions of a watershed that directly affect streams, stream processes, and fish
habitats. Every watershed in National Forests and BLM Districts within the range of the
northern spotted owl will have Riparian Reserves. Land allocated to Riparian Reserves
status varies between options from 0.62 to 2.88 million acres.

In summary Options 1 and 4 had the greatest likelihood, 80 percent or greater, of
attaining sufficient quality, distribution and abundance of habitat to allow the species
populations to stabilize across federal land. The positive outlook for these options
resulted from the relatively larger amount of area in Late-Succession Reserves and the
Riparian Reserves.

Options 2, 3, 5, 6, 9, and 10 generally had a 60-70 percent likelihood of attaining an
outcome where habitat for the seven species/groups of anadromous fish was sufficient to
support quality spawning and rearing habitat well-distributed across federal lands. These
options had a smaller likelihood of attaining this outcome than Options 1 and 4 because
of less area in Late-Successional Reserves and the Riparian Reserves.



Option 7 and 8 were ranked low and the reduced likelihood was due to the reduced size
of Riparian Reserves, particularly along intermittent streams.

A very applicable statement to the current project can be found in the FEMAT report,
“(Dn considering the effects of any federal land management option on aquatic resources,
two points are key: overharvest, disease, artificial propagation practices, and habitat
impacts such as urbanization and agricultural practices have degraded and may continue
to degrade aquatic habitat; and a plan for managing federal lands alone will not solve
these problems. Ecosystem management cannot be successful without participation of all
federal and nonfederal landowners and agencies that affect a watershed. The federal
agencies must foster a partnership for ecosystem management with these entities to
ensure conservation and prevent further degradation of the region’s aquatic resources.”

Another pertinent statement in the FEMAT (1993) report is that “(S)tructural components
of stream habitat must not be used as management goals in and of themselves. No target
management or threshold level for these habitat variables can be uniformly applied to all
streams.” The Team further concludes “while this approach (fixed-width buffers) is
appealing in its simplicity, it does not follow for natural variation among streams.”

The Team states, “(T)ree heights and slope distance provide ecologically appropriate
metrics with which to establish Riparian Reserve widths. For example, tree height
distance away from the stream is a better indicator of potential wood recruitment or
degree of shade than is an arbitrary distance. Likewise, slope distance is a more
meaningful ecological distance than horizontal distance.”

The Oregon Forest Industries Council (OFIC) commissioned a review study of the
scientific evidence supporting the FEMAT riparian shade effectiveness curve. The
resulting 1999 report found that neither the scientific source nor the technical basis of the
FEMAT shade curves could be independently verified. In addition, the data and curves
from the FEMAT-referenced studies did not fit the published FEMAT shade relationship.
The same study also 